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PREFACE FROM SECOND GERMAN 
EDITION 


Four years have passed since the appearance of the first edition. 
In this short space of time welding technology has advanced with 
such rapid development that the first edition can be said to have 
been superseded and to be out of date. I^t only have new equip- 
ments and machines embodying considei^fe improvements been 
put on the market in the meantirhe, and not only have new processes 
been developed, filler materials improved and their fields of applica- 
tion extended, but in addition, due to thorough scientific research, 
points of view have changed in many cases. Hence it appeared 
advisable to undertake a complete revision and extension of the 
book, and this has now been brought before the public. 

In this revision, I have also kept in view the experience which 
has been gained in the Welding Research Department of the repair 
works of the German State Railways at Wittenberge, which is under 
my charge. In addition it was necessary, to a great extent, to analyse 
the current literature which did not exist during the preparation 
of the first edition. 

In order to limit the extent of the book, I have in most cases 
only selected the results of other publications. The reader can look 
up further details in the references given. 

The comprehensive survey of the first edition has been retained 
in the revised edition, so that the book not only offers to the welding 
ei^gineer an excellent survey of the field of welding technique, but 
may also be used for the equally important training of the welder, 
foreman, and welding student. It may also be used as a basis for 
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anyone desirous of instructing himself, and as a curriculum in 
technical schools. 

I hope that the new edition will obtain the same favourable 
reception as the first edition. In conclusion I wish to express my 
thanks to Dr. Ing. Matting, my colleague in the Technical Welding 
Research Department, for his critical review of the manuscript. 

P. Bardtke. 

WiTTENBERGE, 

October^ 



TRANSLATOR’S PREFACE 


It is no exaggeration to say that in the field of engineering 
technology the greatest single development which is taking place 
to-day is in “ Welding 

Since the war every effort has been made to eliminate the rule 
of thumb methods and the haphazard technique which have charac- 
terized welding in the past, and the steady output of well informed 
papers and research work testify to the increasing participation of 
the trained research worker in this important branch. 

Due to the greater degree of centralization which exists in 
American and German welding circles, the results of new work are 
more readily available to the welding engineer and operative than 
they are in Britain, and practice tends to follow experimental work 
much more closely. 

For this reason a book by the Director of the Welding Repair 
Workshops and the Welding Research Department of the German 
State Railways should provide that combination of practical ex- 
perience and theoretical knowledge which is to-day so necessary 
when new applications of the technique are being considered or 
when old methods are being displaced or improved. 

In presenting a translation of the second edition of Professor 
P. Bardtke’s book to those interested or actively engaged in Welding 
work, I should like to mention that, during the preparation of the 
English edition, the author revised certain sections of the original 
second edition and amplified others in the light of the most recent 
results. By indicating the more important gaps in our knowledge 
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and the lines on which development in the future is likely to take 
place, he has ensured that the book will remain of valuable assistance 
to the student, engineer, draughtsman, and operative for many 
years to come. 

H. Kenney. 

Norton-on-Tees, 

September^ i933- 
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PART I.— WELDING PROCESSES 


CHAPTER I 

Introduction 

I. Historical Development of Welding Technology. 

Up to a few decades ago, welding was understood to mean the 
joining, under the press, of two pieces of iron which had been 
heated in the fire to a plastic state. In other Words, the only process 
known was that which had been practised for centuries, the so-called 
forge or hammer welding. Along with this, water-gas welding, in 
which the water-gas flame replaced the smith’s fire as a source of 
heat, appeared at the end of the previous century. In the foundry 
another process was used which was termed the cast welding process 
by technicians. This consisted of adding molten iron in a mould 
provided with a runner at the point where the casting had not flowed, 
or where a broken place had occurred. This iron was allowed to 
run in until the iron round the edge of the article was fluid, and then 
the runner was blocked up and the iron cooled in the mould. We 
have already met the forerunner of our present-day fusion welding. 
The process, however, was expensive and unreliable and was, 
therefore, only used on a small scale in large foundries, when it 
was hoped to reclaim a faulty article. 

In the year 1887 the Russian Benardos, in St. Petersburg, suc- 
ceeded in carrying out welds on cast iron, wrought iron, and steel by 
means of the electric arc. He was followed shortly afterwards in 
1889 by Zerener, and in 1890 by Slavianoff, who also used the heating 
effect of the electric arc for new processes for welding purposes. 

'" Although these inventions excited considerable attention, never- 
theless th^se beginnings of electric arc welding halted in their 
development, since numerous faults and unsatisfactory welds were 

1 
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experienced, on account of faultily designed welding machines and 
unsuitable filler materials. Consequently little was heard of electric 
welding. In general, it was treated by a few welders as a secret art, 
which they would not disclose to anyone under any circumstances; 
electric fusion welding was not the common property of technology. 

In the first few years of the twentieth century a new welding 
process arose which, from the beginning, gave better results and 
which thrust electric welding into the background. This was the 
so-called autogenous welding.* 

In the year 1892 acetylene was accidentally discovered in Spray 
(North America). At that time it was exclusively used for illuminating 
purposes. Shortly afterw^ards success was achieved in putting on the 
market oxygen compressed in cylinders as a commercial commodity, 
and attempts were made to fuse and weld iron by an explosive mixture 
of acetylene and oxygen. Only the former was achieved since the 
iron burned immediately and no union of the metal edges could 
take place. Only in 1900 was the first torch, which was suitable for 
welding, constructed in England. In the following years this process 
developed quickly, torches were continually developed and the 
quality of the weld improved, so that, in the early years of this 
century, satisfactory welds of all kinds could be carried out. 

At the same time, electric-resistance welding appeared. Even in 
the year 1907, this process was used to a wide extent, in the plate 
and light steel trades. 

These new welding processes only blossomed forth and developed 
during the war years, when people in all countries were compelled to 
make damaged equipment once more usable in the shortest time. 
Welding was also found to be very economical, since scarce metals, 
which were necessary for carrying on the war, were thereby saved. 

In these years there was not only considerable improvement in 
fusion-gas welding and the plants and equipment necessary to carry * 
it out, but also in the construction of suitably designed and satisfactory 
machines for arc and resistance welding. 

At that time welding, using the newer processes, played its most 
important role as an accessory for repair purposes. It was soon ' 
recognized, however, that welding was sufficiently economical for 
manufacturing new parts, in place of fire welding and riveting. 

* The term was not well chosen. In a certain sense electric arc welding is also 
autogenous welding. Consequently the term has now been altered, and, in accor- 
dance with a suggestion of the Technical Welding Committee of the V.D.I. 
(Association of German Engineers), the process is to-day termed Fusion Gas 
Welding ”, 
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The technique of fusion and resistance welding, however, ex- 
perienced a remarkable development during the war, and in the 
last few years has extended into almost all fields of technology. 

Independently of these processes, the aluminium thermit welding 
process was developed in the years 1894 1910. This is based on 

the property of aluminium of burning with oxygen like carbon- 
containing materials, thereby developing temperatures which are 
1850° F. (1000° C.) higher than those produced in the furnace and 
which, therefore, make it highly suitable for welds of a special kind. 

2. Definitions of Welding and of Welding Processes. 

In view of the recent welding processes, it is now more necessary 
to enlarge on the definition of welding than was formerly the case. 
The question ‘‘ What is welding?*' has, therefore, been answered 
by a sub-committee on ‘‘ Definitions and Symbols " of the Technical 
Welding Committee of the Association of German Engineers, as 
follows: 

‘‘ Welding is understood to mean the joining of two metallic 
articles of the same or different materials by the addition of heat, 
in such a way that the junction zone of the members joined forms 
as homogeneous a whole as possible.*’ 

Definitions and Symbols of the various Welding Processes 

Definitions 

Welding is divided into two categories: 

1. Pressure Welding 

The joining of articles in the plastic state by the use of pressure. 
The following processes belong to this class: 

{a) Forge welding (fire, water-gas). 

{h) Electric-resistance welding (for short, R). 

(r) Thermit welding, in so far as it results in the heating of the 
ends to be joined, only up to the plastic state. 

2. Fusion Welding 

The joining of articles in the fluid condition at the junction zone 
with or without the addition of suitable material. The following 
processes belong to this class: , 

(«) Runner and riser casting processes. 

{b) Arc welding (Benardos, Slavianoff, Zerener; for ^hort, A). 



4 


WELDING PROCESSES 


(c) Fusion gas welding, oxygen with a gas (illuminating gas, 
hydrogen, acetylene, &c.), as well as with liquid fuels in 
the vapour state (for short, G). 

{d) Thermit welding in so far as the heating causes the ends to 
be joined to become molten. 

Since the designer has to indicate clearly on the drawing the 
welding arrangements which he uses, so that the workshop may work 
to them without further explanation, symbols must be used which 
clearly show these arrangements. It is desirable that any illustrations 
on drawings should be identical for all offices. In different countries, 
therefore, symbols for weld seams of different types have already 
been standardized. As an example, the symbols for fusion welding, 
which have been agreed upon by the German Standards Committee 
in D.I.N., 1912, are given in the following pages. The natural 
shape of the cross section is also shown by a symbol. In addition, 
a distinction should be made between welds which may be seen 
and those which cannot be seen. 
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On weld seanris without reinforce- 
ment straight lines are drawn in- 
stead of circular arcs. e.g. 


Meaning of Dimension V 


In addition to the thickness N 
of the weld seam (e.g. 


Illustration for Hidden 




Examples of Application. 
See overleaf 

May t932. Technical Committee for Welding Technology of the 
Association of German Engineers 
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Fusion Welding 

Examples of Application for Fillet Beams Weldln* 7a Sheet t 


Fillet Seam 
One ®de 


Fillet Seam 
Both Sides 


Fillet Seam 
One Side 


Fillet Seam 
Both Sides 


Standard Illustration 


Flanged Edge Joint 




Lapped Joint, Discontinuous Seam 



La^pped Joint, Continuous and Discontinuous Seam 

Ir 


Strapped Joint, Continuous Seam 



Fillet Seam, 
Continuous both Sides 


(1) Only full Fillet Seams have been iltustrsted. For light Fillet Seams the corre- 
sponding symbols whkh relate to these are to be used 
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Title 


Full Fillet 
Seam Ois> 
continuous 

Fillet 

Seam 

Light Fillet 
Seam Dis« 
continuous 


Full Fillet 
Seam 
Staggered 

Slot Seam 

Elongated 

Hole 

Circular 

Hole 

i 


Fusion Welding 


Welding 







Illustration for Hidden Weld Seam 

Meaning of Dinsension 'a* 







ExAmplet of AppIleaKoft. 
See overleaf 


May 1932. Technical Committee for Welding Technology of the 
Association of German Engineers 



















8 


WELDING PROCESSES 



Fillet 8eem 
Both Bidet 


Fillet Beam 
externally 


Fillet Beam 
externally 
and internally 


(t) Only full Fillet Beams have been illustrated. For lifht FUlet Beams the eorr»> 
spondinf symbols which relate to these are to be used 















CHAPTER II 


Fusion Welding 

I. Welding Equipment for Fusion Welding. 

According as the joining of the articles is to be carried out by 
pressure welding or fusion welding, there are various means available 
for producing the heat for the welding process. In addition to the 
smith’s fire or oven, which is well known from the forge- welding 
process, heat which is produced by the burning of water-gas with 
compressed air or aluminium with iron oxide is also used in pressure 
welding. In addition, there is the preferable source of heat which 
is available from an electric current by utilizing the external re- 
sistance of a conductor or the resistance set up by bridging an air 
gap. In fusion welding, the heat is produced by the combustion 
of various gases, preferably acetylene with oxygen, or by means of 
an electric arc. In addition, there is also the process in which the 
heat is produced by burning aluminium with iron oxide. 

{a) FUSION-GAS WELDING 
Welding Gases 

In fusion welding, acetylene is preferably used as a combustible 
gas and to a lesser extent hydrogen, coal gas (illuminating gas) 
mixed with compressed air or acetylene, methane mixed witli 
hydrogen or acetylene, as well as benzol or benzol vapour all of 
which are burned with oxygen. Blaugas has not proved suitable 
for welding. 

Oocygen (O) is the element which is most largely distributed 
on our planet. It is contained in the solid earth crust, in water, and 
in air. 

Oxygen is obtained, either by the electrolysis of water, or chiefly 
by separation in the liquid state, from atmospheric air at low tern-, 
peratures. The oxygen thus obtained is compressed in steel cylinders 
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to 150 atmospheres pressure and put on the market. 'In this con- 
dition, it always contains impurities to some extent, chiefly nitrogen. 
The degree of purity amounts from 96 to 99-5 per cent.* These 
impurities have no influence on the welding process so long as they 
do not exceed 2 per cent, but they have a considerably harmful 
effect on the efficiency of the flame for cutting with acetylene or 
hydrogen. A high percentage of oxygen is the most economical 
for this purpose. 

It has also been noted that the oxygen supplied in cylinders 
often has a high water content. Consequently, not only is the weight 
of the filling affected, but during the process of combustion the 
temperature is reduced. Moreover, such cylinders suffer from rusting. 
Therefore it is advisable to take care that oxygen is supplied in the 
driest possible state. 

By means of a new process which is closely connected with the 
name of Dr. Heylandt, it is also possible to obtain oxygen in the 
liquid state. 

Considerable savings in transport and storage are, therefore, 
made possible. In order to make the liquid oxygen suitable for 
welding purposes it is transformed into the gaseous state in so- 
called gasifiers. 

Hence the dangers which previously existed in the transport 
of oxygen in steel cylinders have been considerably reduced, and in 
some respects entirely eliminated. 

Acetylene (CgHg). — Acetylene is the most widely used gas in 
fusion welding because, compared with other gases, it possesses 
two advantages which make it especially suitable. These are the 
high temperature of its flame which is not equalled by any other 
combustible gas and which amounts to 5600° F. (3100'^ C.), depend- 
ing on its mixing ratio with oxygen, and secondly, the reducing 
action of its flame, which prevents the formation of oxide inclusions 
which impair the weld. 

Acetylene gas is a chemical compound of two parts of hydrogen 
and two parts of carbon. It is produced from calcium carbide and 
water. 

Calcium carbide (CaCa), called carbide for short, is a compound of 
calcium and carbon. It is a crystalline product of dark grey colour, 
frequently occurring with ferro-silicon as an impurity. Carbide 
combines with water, producing gaseous acetylene, and calcium 

• Rimarski, Kantner nnd Streb^ Influeiice of Oxygen Purity on cutting with 
Oxygen and Acetylene Autogene MetaUbearbeitmg^Yol, 31 (x^aS), p, 3. 
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hydroxide is left behind as the remaining product. In consequence, 
it must be rendered completely dry/before it is used, and protected 
against dampness of any kind, including vapour from the air. It is 
commercially handled in tightly closed shaped drums of 220’ lb. 
capacity, and in various gradings. Care must be taken, in storage, 
to see that the drums do not stand in a damp place, since the dampness 
might penetrate into a damaged drum and cause the generation of 
gas and explosions. In addition, the drums must not be opened 
with a flame or soldering iron because of the danger of an explosion. 
The removal of the lid with tools which might cause a spark, such 
as a chisel or caulking tool, may be dangerous. 

One pound of calcium carbide and *56 lb. of water yield i'i6 lb. 
of lime and *4 lb. or 5*5 c. ft. of acetylene, giving out 1782 B.Th.U.s. 
In practice, this theoretical gas yield is not attained, since commercial 
carbide is not chemically pure, and the generation of gas in practical 
acetylene installations is not complete. For practical purposes, one 
may reckon on a gas yield of 5 c. ft. from i lb. of carbide with a 
grading of 15-18 mm. at 60° F. (15^ C.) and 30 in. barometric 
pressure, and on 4*5 c. ft,, where the grading of the carbide is from 
4 to 15 mm., margin of error 2 per cent. 

Finely ground calcium carbide has been put on the market under 
the name of “ Beagid or “ Karbidid This is wrapped with a bind- 
ing material and pressed into cylindrical vessels of about 3 in. diameter 
and 4 in. long. It has the property that, w^hen in contact with water, 
it disintegrates more slowly than coarse carbide and this slows up 
the generation of acetylene which does not occur so violently as 
with carbide, so that when a low take of gas occurs, there is no 
excess gas obtained. It is also possible to interrupt the gas take for 
long periods without setting up losses of gas. 

The price of the gas produced with “ Beagid ’’ is almost the same 
as that which has to be reckoned with in small acetylene generators. 

The generation of acetylene from calcium carbide or Beagid ” 
takes place in specially built generators which will be fully described 
in succeeding pages. As a rule, acetylene is generated at the place 
where it is to be used, but it is often taken from cylinders in which 
it has been compressed at high pressure. 

These acetylene cylinders are subject to special regulations, 
which are necessary because of the danger from acetylene standing 
under high pressure. Acetylene itself, as long as it is not mixed 
with oxygen or air, is not dangerous. ^ Mixtures of gas and air, 
however, are explosive when there is -more than a-8 per cent or 
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less than 73 per cent of acetylene in the mixture. For mixtures of 
oxygen and acetylene the limits are still wider apart. At the saine 
time, even if there is no mixture of air or oxygen, there is still the 
danger of the decomposition of acetylene by heat or shock if acetylene 
is brought up to a high pressure. According to Rimarski, the limit 
of decomposition is about 1*6 atmospheres (23*5 lb. /in.®). Con- 
sequently acetylene cannot just be compressed to a high pressure 
and put into sendee in cylinders, but it must conform to special 
regulations which eliminate the explosive decomposition of the gas 
in all circumstances, even when ignited. 

For this purpose the cylinders are filled with a porous filler 
mass saturated with acetone. Acetone, like many other liquids, has 
the property of dissolving gaseous acetylene. The solvent property 
of acetone is specially high and amounts to 23 c. ft. of acetylene to 
I c. ft. of acetone at one atmosphere (14*7 Ib./in.®). The acetone 
must be chemically pure and must contain no free acetic acid and 
no water. Traces of hydrogen sulphide and hydrogen phosphide 
must be avoided. For dissolving acetylene the cylinders, which 
usually have a capacity of 40 litres (1*4 c. ft.), are filled to of 
their capacity with acetone. The filler mass has the property of 
immediately damping down any explosion which is set up by heating, 
shock or ignition, and preventing its development. Consequently 
the filler mass must so fill the space in the bottle that there are no 
cavities in which the dissolved acetylene can collect in tlie gaseous 
state. Further, it must not settle in service owing to bumps, and it 
must not leave the cylinder walls. 

In order, therefore, that filler masses should afford absolute protec- 
tion, they are governed by strict legal regulations. They may only 
be put on the market after a series of chemical and physical tests 
which are carried out in the Chemisch-Technische Reiclisanstalt 
(Chemico-Technical State Laboratory), Filler masses are classified 
as loose, compressed, and solid, and usually consist of materials 
such as wood charcoal, granular cork, asbestos, or diatomaceous earth. 
Filler masses may only reduce the capacity of the cylinder by 25 
per cent at the most. 

In this way it is possible to bring acetylene on to the market in 
steel cylinders at a pressure of 15 atmospheres {zzo Ib./in.®). 

Hydrogen (H). — ^This is an element which, like oxygen, is present 
on the earth in large quantities and appears in a multitude of com^ 
pounds. 

Hydrogen is obtained eidier like oxygen bf electrol^c 
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method from acidulated water or sodium lye, or by means of the so- 
called contact process in which water vapour is led over heated iron. 
Its production requires large quantities of energy. 

Commercially, hydrogen is obtained like oxygen in steel cylinders 
compressed to 150 atmospheres. 

By mixing oxygen and hydrogen in a torch a point flame is 
obtained at a temperature of about 4350° F. (2400^^ C.). 

Hydrogen was the first gas used in welding in industry. Later it 
was replaced by acetylene, which proved to be more economical, 
on account of its higher temperature, so that to-day hydrogen is 
only used for the welding of vtry thin steel sheets and easily melted 
metals, especially aluminium, for which it has advantages in certain 
cases. 

Methane (CH4). — In order to utilize gas from coke ovens, attempts 
have been made to weld with methane, a light hydrocarbon, which 
has less tendency to explode than acetylene. The limits of decom- 
position lie between 5 and 10 per cent of methane in an air mixture. 
Although methane has a very high calorific value, it is unsuitable 
for welding as a pure gas, as it has a combustion temperature of 
only 3280° F. (1800^ C.) and possesses a combustion velocity of 
one-tenth that of hydrogen. Since this velocity, along with the 
quantity of the gas and the magnitude of its calorific value, con- 
trols the temperature of the flame, methane is mixed with other 
gases which have a high combustion velocity, and also a high 
combustion temperature. Commercially two mixtures of this type 
are sold under the name “ Methane L and “ Methane B 
Methane L is a mixture with hydrogen and has a combustion 
temperature of 3630'' F. (zooo"" C.). It is suitable for cutting 
and lead burning and for the welding of thin aluminium. 

Methane B is a mixture with acety lene and has a flame temperature 
of 4890® F. (2700° C.). Compared with pure acetylene Methane 
B is not very important for welding. 

Bituminous Coal Gas , — Bituminous coal gas is obtained from the 
distillation of coal. Its distribution as illuminating gas makes it very 
cheap. It contains as combustible gases hydrogen, methane, carbon 
monoxide, and heavy hydrocarbons. On account of its low com- 
bustion velocity it is always mixed, either with compressed air or 
acetylene. As long as illuminating gas is used for cutting thin plates 
it gives a clean cut. 

Benzine and Benzol Vapour , — Benzine and Benzol contain in 
general liquid hydrocarbons which are vaporized in a s|yeciai 
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heating device and used for welding and cutting by combusting 
them with oxygen. The vapours have almost the same flame tem- 
perature as hydrogen and methane. Benzine and benzol vapours 
are very unsuitable for welding thick plates, but are suitable for 
welding thin plates and for cutting. As with illuminating gas, very 
clean cut edges can be obtained. Because of the ease with which 
the equipment may be handled and the cheapness of the fuel, they 
are very well suited for general practical work. It must be borne 
in mind, however, that hydrocarbons freeze at temperatures not 
particularly low, so that their use in the open or in winter is difficult 
and wasteful of time. 

2 . Welding Apparatus, Welding Equipment, and their 
Accessories. 

Welding plants and welding equipments are the decisive factors 
in the success of welding. No one type of these is suitable for all 
purposes. The standard of quality required in the weld seam, as 
well as the cheapness of the work, demands an accurate choice of 
the numerous good and excellent plants and equipments which 
may be found on the market. Consequently a thorough knowledge 
of these items is indispensable. We begin with a fairly detailed 
survey of the equipment for fusion-gas welding. 



Fig. 1 . — Lay-out of an acetylene welding plant 

a. Acetylene generator; b, washer; c, gas-holder; d, purifier; main hydraulic valve; 

/, steel cylinder for oxygcrt; g, torch. 

It has already been mentioned that various gas^ and liquids 
may be used as fuels in fusion-gas welding. For all welding processes 
of this type, the production of the welding flame necessitates the 
use of oxygen, which must always be available, compressed in steel 
cylinders, in the plant concerned. 

The source of gas and the accessories vary with the kind of gas 
which is used. Fig. i shows an acetylene plant in which the source 
of gas" is an acetylene generatcH* a. The necessary equipment 
consists of a gas-holder c, which is connected by means of a pipe 
line to the washer b. The acetylene gas which collects in the (»n- 
tainef passes through the pipe line« by way of flte puitfler d, an4 
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into the main hydraulic valve to the stop valve, from which it is 
led to the torch in conjunction with a further hydraulic valve. 
The oxygen is led to the torch through a second flex, through a 
reducing valve on the cylinder /. 

The installation is much simpler when dissolved acetylene, 
hydrogen or methane is used. In this case, in addition to the oxygen 
cylinder b in fig. 2, only a second cylinder which contains one of 
these gases, is necessary. Both cylinders are provided with reducing 
valves through which the gases are led to the torch c. 



Fig. 2. — Lay-out of a welding plant using 
gas from cylinders 

a, Steel cylindter for acetylene, hydrogen 
or methane; b, steel cylinder for oxygen; 
c, torch. 


a 



Fig. 3. — Lay-out of an illuminating gas 
welding plant 

a. Illuminating gas; b, hydraulic 
valve; c, oxygen cylinder; d, torch. 


Fig. 3 shows the illuminating gas welding plant. The gas supply 
is the illuminating gas pipe a. Hydraulic valve b is also necessary 
as part of the equipment, and 
this is coupled in between the 
gas supply and the torch d. 

The oxygen supply is, as 
before, from cylinder c. 

Finally fig. 4 shows a benzol 
welding; outfit. The cylinder a 
supplies the oxygen which is 

then conducted through a pipe 4 -Lay-out of a benzol welding pUnt 

, I a, Oxygen cylinder; 6, container for liqxiid fuel ; 

to a distributing piece C , belong- c, distributing piece; </, torch. 

ing to the container b, and then 

through a further pipe to the torch d. The vessel b contains the liquid 
fuel which is compressed into the fuel passage of the torch </, through 
a spirally wound brass pipe surrounding the pipe feeding line oxygen. 

Acetylem Gewsrators.— -Acetylene generators may be divided 
into Separate ^ups according to various classifications, viz, tee 
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size, the apparatus for which they are to be used, the pressure under 
which they work, and the type of construction. As regards size, 
generators are divided into {a) portable apparatus up to a carbide 
capacity of 4^ lb., which may be used for temporary work in any 
buildings (M apparatus); {b) semi-portable generators up to 22 Ib. 
carbide capacity and up to 225 c. ft. /hour output, which are per- 
mitted in workshops under special regulations (J apparatus); (c) 
large generators of more than 22 lb. carbide capacity which may 
only be erected in special generator rooms and in the open air 
(S apparatus). The use of the apparatus is also covered by regulations. 

M apparatus is suitable for soldering work and illuminating 
purposes. The question of its use for welding does not arise. 

J apparatus will be used anywhere where the amount of work is 
not very large or where welding is only carried out intermittently, 
since the output of this apparatus is, in accordance with its size, 
only small. Difficulties may easily be met if the generator has only 
one small filling device, as is the case with the majority of small 
J apparatus. There is then the disadvantage, when a large amount of 
welding work is being carried out, that the welding has to be in- 
terrupted in order to add carbide if one filling is insufficient. Through 
these interruptions, not only is the welding work delayed, but the 
quality of the weld is impaired. In recent years J apparatus has, 
therefore, been constructed with two filling and generating devices, 
so that one can always be filled up while the other is in use. 

A further disadvantage of many types of J apparatus is that it 
does not supply as pure and cool a gas as a permanent large generator 
and, therefore, it is less suitable for high quality welding. The chief 
blame is to be put on the washer, the importance of which will be 
discussed later, as this cannot be made large enough" without 
destroying the portability of the equipment or reducing the pressure 
considerably. 

On the other hand, J apparatus, especially of the smaller types, 
has an advantage which should not ,be underestimated, namely, 
that it can be built with all the fittings and oxygen cylinders on a 
light wagon, and thus made capable of being transported with ease 
to any spot where welding is to be carried out. 

However, as cylinders of dissolved acetylene afford the same 
advantage of portability and supply a very cool gas, they compete 
seriously with the J generator, and perhaps might have eliminated 
it altogether, had not dissolved gas been much naore expensive. 
Where the quantity <rf work justifies the installation so that a 
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large generating plant can be economically employed, the stationary 
large generator will be chosen as the most suitable, since any number 
of welding stations may be coupled in to it, according to its size. 
Admittedly special lines leading to the various welding stations 
are of course required, and may make the installation very expensive 
if the stations are wide apart. Since, however, the price per cubic 
foot of acetylene from a large generator is about compared with 
about frf. for J apparatus and about id. to i\d. for dissolved gas 
in hired cylinders, the costs which are set up in permanent installa- 
tions may easily be written off. Large permanent generators have, 
in any case, the advantage, compared with J apparatus, that they 
supply a very much purer and cooler gas. As compared with dis- 
solved acetylene, the considerable difference in price of acetylene 
is in their favour. The general arrangement of a permanent welding 
plant remains to be considered. Large permanent generators are 
constructed for a carbide capacity of *2 to 1*0 tons. Various sizes 
are also available, according to the work to be done. It should 
be specially noted that it is inadvisable to select a plant which is 
too small, quite apart from any reference to the increase of require- 
ments at some later date which usually occurs owing to increase in 
the welding work. For, besides this consideration of expanding 
requirements, it must be remembered that reliable experiments 
have shown that generators, on continuous work, do not reach the 
maximum hourly output which is given on the information plate. 
As a rule they only reach about 40 to 60 per cent of this, and in 
many cases only 30 per cent. When choosing the size of a generator, 
the maximum output should not be ignored, but it should also be 
ascertained whether the generator gives the required gas quantity 
on contihuous work. 

It is particularly convenient to connect a permanent acetylene 
welding plant of this kind with a plant for a central supply of oxygen. 
In the central oxygen station there are two batteries, consisting of 
a row of steel cylinders with main stop valves. The number of 
cylinders depends on the load of the welding plant. One of the 
two batteries is in commission, the other is provided with full 
cylinders and serves as a reserve to be coupled in when the first 
battery is used up. During the working of the second battery the 
first is replaced by full cylinders. The coupling piece on the in- 
dividual cylinders with the main supply pipe, which supplies oxygen 
thdtough smaller pipes to the working points, is fitted with a flexible 
screwed socket or pipe screwed at both ends and made of copper. 
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In addition to providing uninterrupted working, a central oxygen 
plant offers further advantages. The transport costs which are 
entailed for each cylinder are saved, and at the same time working 
is much safer. In addition, the content of the cylinder is more 
completely used up, since the cylinders may be emptied to two or 
three atmospheres, whereas, with single cylinders, considerable 
quantities are often left over, though perhaps not sufficient for a 
piece of welding work. 

If the distributing system is not worked at the full pressure of 
the cylinders, but at an intermediate pressure of 20 atmospheres 
(294 lb./in.2), which is preferable, a perfectly constant working 
pressure may be attained as the pressure reduction takes place in 
two stages and the danger of burning the pressure reducing valves 
is thereby lessened. Moreover the pipe-line system is cheaper and 
it is easier to keep it tight. 

We distinguish between two types of generator. Low-pressure 
Generators and High-pressure Generators. In the former the gas 
pressure goes up to *03 atmospheres (12 ins. of water) and in the 
latter up to 1*5 (22*0 Ib./in^) atmospheres and more. 

For a long time only low-pressure generators were built, because 
it was known that acetylene gas would decompose explosively even 
at low pressure. After it had been established by Rimarski that the 
decomposition limit lay above 1*5 atmospheres, the building of 
generators for higher pressures, up to 1*5 atmospheres, as stated 
above, was permitted by German regulations. Low-pressure and 
high-pressure generators are in essence alike. The following point, 
however, is to be noted. As will be shown later, if uninterrupted 
working of the welding torch is to be obtained, a pressure excess 
of 2-4 in. of water must be present. Low-pressure generators 
certainly give this pressure, but a large proportion of the pressure 
is dropped in hydraulic valves and pipe lines, especially when 
these extend for large distances and, as can frequently be observed, 
they are not well planned but built with sharp bends in which water 
pockets can form. In these circumstances it may so happen, because 
of the injector effect in the torch, that a vacuum is set up in the 
pipe line. Moreover, even when there is a high pressure in the 
torch the welder is often compelled to weld with excess oxygen 
which, as will be shown later, can seriously impair good welding 
work. 

In such cases the high-pressure generator is to be pj^erred. 
With such a generator the gas may be laid over long distances without 
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there being any fear that insufficient pressure will be available at the 
torch. In addition, there is the advantage in using high-pressure 
generators that the diameter of the lines may be made smaller than 
with low pressure and consequently considerable savings in cost 
may be made in the pipe-line system. If a low-pressure plant exists, 
however, steps may be taken to couple acetylene compressors or 
blowers into the line. Various designs for these have been put 
on the market. It is therefore unnecessary to replace the existing 
low-pressure plant with a high-pressure plant if it is desired to 
extend the pipe-line system to a greater extent than low-pressure 
plant will permit. Where new plants with extensive pipe-line systems 
are considered, it would be preferable initially to select the high- 
pressure generator. There is, however, no need to go right up to 
the limit of 1*5 atmospheres (22 Ib./in.^) as, in general, it is sufficient 
to work with pressure of *3 to *6 atmospheres (4* 5-9 Ib./in.^), 
according to the local conditions. It is very seldom that a higher 
working pressure is necessary. Acetylene generators are divided 
into three groups, according to the method of working: 


(a) Generators on the “ carbide to water system. Carbide is 

fed in and brought into contact with the water. 

(b) Generators on the ‘‘ water to carbide ” system. The carbide 

is stationary and the water flows on to it. 

(t) Generators on the displacement (recession) or immersion 
system. 

In group {c)y the carbide and the water are 
alternately brought into contact with one 
another and separated. 

For each of these groups there is a definite 
simple basic form, from which a large number 
of constructed types have been built and are 
commercially available. Along with these 
may be found a series of intermediate types 
which cannot definitely be placed in any of 
these groups. 

Fig. 5 shows the basic form of the carbide 
to water system. The carbide container c is 
placed above the water chamber a, separated 
from it by means of a slide, valve 6, and closed above by means of a 
tight fitting cover d. If the slide valve b is withdrawn the carbide 
falls into the water and acetylene is generated and flovrs through 



Fig. 5. — Basic form of the 
“ carbide to water ** system 

a, Water chamber; b, slide 
valve ; c, carbide container ; 
d, cover; «, pipe going to gas- 
holder. To produce acetylene 
the carbide is put into the water. 
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the pipe e into the gas holder and thence to the points where it is 
used. The slide valve b is then shut and the container filled once 
more. In the lower portion of the water space a grid is built in 
through which the sludge which is formed falls to the ground, 
from which it may be removed from time to time. In addition 
care must be taken to renew the water in the generator regularly. 

The basic form of the water to carbide system is shown in fig. 6 . 
The water for the generator is brought down from a special vessel 
separated from the generator space h. The carbide is brought in a 
suitably shallow container through the opening Cy which may 
be shut and made gas-tight. When the cock e is open a certain 



Fig. 6. — Basic form of the “ water to 
carbide ” system 

a, Water chamber ; b, generator space ; 
c, outlet which may be closed ; d, carbide 
container; c, stop cock; /, pipe going to gas- 
holder. To produce acetylene, the water 
flows on the carbide. 


or immersion ” system 

a, Gas-holder bell; carbide container; 
c, perforated bottom on b\ rf, sealing water; 
e, pipe line to point of consumption; /, stop 
cock. To produce acetylene carbide and 
water are alternately brought into contact and 
separated from one another. 


quantity of water runs on to the carbide and acetylene is generated 
and may be led away through the pipe /. If the cock^is shut the 
generation of the gas ceases as soon as the quantity of water which 
has got into the generating space has been used up. The process is 
repeated by opening the cock again until all the carbide has been 
decomposed. , 

Finally fig. 7 shows the basic form of the displacement or im- 
mersion system. The gas-holder bell a forms the generating space, 
to the cover of which there is attached a carbide container 4, provided 
with a perforated bottom c. The gas container a may be connected 
directly to the main gas holder, or arranged to float inside it. As 
soon as^ the container is filled with carbide and dipped into the 
water, acetylene is generated and, when the cock / is opened, flows 
through the pipe line e to the place where it is used. If the gas 
consumption is interrupted, however, the gas which has been 
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generated collects in the gas bell a and raises the bell, provided it 
is arranged to float, in the way shown in the figure, so that the 
container rises above the water (immersion system), or displaces 
the water in the main gas holder if it is connected directly to it 
(displacement system). In both cases the gas which is generated 
breaks the contact of the water with the carbide so that the generation 
of gas is interrupted. As soon as the gas has been used up and the 
gas holder is empty, the bell falls or the water rises again in it, until 
the Water and the carbide are again in contact and the generation 
process is repeated. The displacement system is the commoner. 

In a generator working on the displacement system, the carbide 
remains stationary, as in group b (p. 19), and the water flows to it; 
and in a generator working on the immersion system the carbide is 
fed into the water as in group a. Hence the displacement and im- 
mersion systems have been absorbed in these groups b and a, and 
only two groups are distinguished from one another. As a matter 
of fact displacement and immersion equipment are similar in their 
method of working, whereas they are entirely different from those 
in groups a and b. For this reason the division into three groups 
has been retained in this book. 

Each of the types mentioned has certain advantage's and also 
definite disadvantages which may usually be overcome by taking 
suitable precautions. The points involved will riow be briefly 
explained. 

Generators working on the carbide to w^ater system have a very 
important advantage compared with the others, in that the carbide 
comes into contact with a large quantity of water by which perfect 
gasification and a high yield of gas is obtained; moreover, the gas 
generated is well washed and cool. Its disadvantage is that it can 
give rise to explosions, unless special precautions are taken. From 
the gas which is generated, and the air which is present in the 
generator, a mixture of gas and air is formed in every generator 
when it is first put into service. Such mixtures are highly explosive 
if, as has been previously mentioned, there is more than 2*8 per cent 
and less than 73 per cent of acetylene. This explosive mixture is 
allowed to escape before the apparatus is put into service as it is 
relatively unsuitable for welding, but gas mixtures of this kind 
stay behind in small pockets, connecting pipes and damaged places. 
If there is any possibility that these mixtures may be ignited then 
there is a risk of explosion. Experience has shown that there is a 
certain danger in such carbide to water systems, as the generator 

<B674) 3 
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must be opened during charging and sludging, and the entry of fresh 
quantities of air is therefore possible. Ignition of the explosive 
mixture may occur through pieces of carbide introducing impurities 
such as ferro-silicon, which are often present in carbide but may 
quite easily be removed by means of magnets. If these particles 
of metal strike iron on the generator or the charging hopper during 
filling, sparks may occur. Attempts have therefore been made to 
cover the charging hopper with zinc sheet, but without success, as 
this covering is very soon damaged. Explosions have also been 
traced to carbide dust becoming incandescent. Carbide dust when 
mixed with water clings together so as to form lumps, and gradually 
heats up to red heat, as may be confirmed by carrying out a test in 
a tumbler. The danger of explosion may, howeVer, be averted by 
removing the pieces of ferro-silicon from the carbide which is 
being put in, and by leaving the dust behind. It usually happens, 
however, whether to save trouble or in ignorance of the danger, 
that the drums of carbide are tipped into the charging hopper as 
they come from the store along with the accompanying ferro-silicon 
and dust. 

This danger may be met, at all events with large plants of this 
type, by adopting special precautions- One method is to provide 
a primary charging hopper at the inlet, which prevents the ingress of 
air during the charging of" the generator. Careful tests have shown 
that by this means explosive mixtures in the generator can definitely 
be avoided, even though small and harmless quantities of air may 
be present in the primary chargitig hopper in certain circumstances 
and may get into the generator. The primary charging hopper, 
therefore, fulfils its purpose, at least during uninterrupted running. 
Mixtures of gas and air which remain in the generator when it is 
put into commission, or which may be formed by the entry of air 
during sludging, must be prevented in another way. For this 
purpose both the charging inlet and the sludging outlet are connected 
to the gas-holder, so that the gas which is under pressure in the 
holder immediately flows into the generator as soon as the pipe 
is opened either for filling or sludging. In this way the ingress of 
air under atmospheric pressure is prevented. The same device may 
also be used to blow out the generator with acetylene gas when it is put 
into Commission, and thereby drive out the mixture of gas and air 
which is present at the start. To prevent this mixture from remain- 
ing in odd corners, new- generators are so built that all dead space 
is avoided. Old generators may be suitably lined for this purpose. 
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" With apparatus so equipped there is no danger whatsoever. As 
a rule it is not possible to use safety precautions with J equipment. 
It has been observed, however, that sparks from falling carbide 
only occur if the height of drop is over one metre (3 ft. 3 in.). This 
drop is not reached with J equipment. Consequently the Acetylene 
Association has sanctioned the continued use of such equipment 
with few exceptions. All the same, the carbide to water plants have 
lost some ground to the other types of construction because they 
cannot be built as high-pressure systems, in which it is not per- 
missible for the purpose of filling or sludging, to open up the 
generator vessel, which is under pressure. 

Generators built on the water to carbide system are less dangerous. 
Only by gross disregard of regulations governing their operation, 
can an ignition occur in the generator space. At the same time, 
compared with generators working on the carbide to water system 
they have the disadvantage that the quantity of water which is 
available for generating gas is considerably less and consequently 
the gas is not sufficiently cooled. This disadvantage may be avoided 
by spraying the gas retort with water and sending the gas through 
a specially large washer, which may be dispensed with in the 
carbide to water plant. The gas is not only purified in this but also 
cooled. There is, however, the danger that the carbide in the con- 
tainer may not get sufficient water if the container is filled too full* 
The carbide sludge which is formed during generation fills the 
container, so that only a small quantity of water can come in contact 
with the particles of carbide. These then heat up and decompose 
with the generation of large quantities of heat, causing some danger 
or, at the very least, considerable diminution in quality of the gas. 
This decomposition, which is termed polymerization, causes the 
gas to heat up considerably and consequently there is a tendency 
for it to take over considerable quantities of water vapour. On this 
account the acetylene code prescribes that the container shall only 
be half full. In addition copious quantities of water are necessary. 
With such precautions these plants work quite satisfactorily in every 
way. 

In displacement equipment, as in carbide to water generators, 
there is an adequate quantity of water. There is, however, the 
danger of after-make. The generating process is not interrupted 
immediately after breaking contact between the water and the 
carbide. The moist carbide continues to gasify for some time. 
Because of the small quantity of water which is available, a hot gas 
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is generated. With long interruptions, the after-make is so excessive 
that the generator space is insufficient for the quantity of gas 
produced. It must, therefore, be made possible for the gas to escape 
to the open air. In this way we have on the one hand loss of gas, 
on the other the danger that the gas may ignite in the workshop 

and cause a fire. 

In order to give a better 
idea of the mode of operation 
of the three types of construc- 
tion than can be obtained from 
studying the general basic forms, 
a typical and suitable practical 
example of each kind will be 
discussed in the following pages. » 
These are chosen from a large 
number of serviceable and ex- 
cellent generators which are on 
the market, but there is no 
intention of conveying the im- 
pression that those that have 
been selected take precedence 
over other makes. 

Figs. 8 and 9 show a low- 
pressure generator of a rather 
old type working on the carbide 
to water system. It is fully 
equipped with the safety devices 
which have pre\dously been 
described. 

The method of working 
may be easily understood. The 
carbide is filled into the primary 
charging hopper which is not 
shown in fig, 8 on the closed generator, but may be seen in 
fig. 9, where it is shown in position on the open container turned 
through 90°, From this it falls on the distributing drum which 
is controlled by the gas-holder. This controls the consumption 
automatically and allows the particles to fall into water in the 
generator. Here it builds up on a perforated grid until it is 
coinpletely gasified. The sludge collects in the lower portion 
of the generator below the grid. The gas is taken out from a and 



Figs, 8 and g. — Low-pressure generator working 
on the “ carbide to water ** system 

a, Gas oif-take point in generator vessel; b, gas 
pipe; c» outlet to gas holder; d and e, cocks; 
f, sealing water. 
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passes through the pipe b through the catchpot / and through e to 
the gas-holder. . 

Safety precautions are taken in the following way. The figures 
show the primary charging hopper which prevents the ingress of air 
during the charging of the generator, and also the lining which 
avoids dangerous cavities. The cocks d and which are automatically 
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connected with the pipe line 

when the generator is opened, M\^ 

provide additional safeguards (l 

against air getting into the ^ 

generator during filling and " i r 

sludging. Acetylene gas passes 

from the gas-holder into the r| 

generator, as the latter is now at (>— . M 

a lower pressure and, in this Fig. n. — High-pressure generator — “water to 
way, ingress of air is prevented, ^ , 

•Z ® r 1 • Mam container; b, back-pressure contamei; 

Newer generators of this type c, retort; d, cooling water; e, lever for feeding 
^ 1, X ^ j 4.U * water on the sliding trays; /, uptake pipe; g, non- 

are initially so constructed that return valve; manometer. 

dangerous cavities are avoided, 


and a primary charging hopper is provided. The supply of gas 
from the gas-holder to the generator during charging and sludging 
is achieved in a simple way by fitting two catchpots which work in 
opposition to one another in such a way that the second allows the 
gas to come back by means of a reverse arrangement of the outlet pipe, 
as may be seen from fig. lo. .This occurs as soon as the pressure 
in the generator starts to fall due to the opening of the valves. 

Fig. II shows an example of a high-pressure generator working 
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on the water to carbide system. This is a so-calkd aliding-tr:,v 
EppErstus. It consists of the main container o, the back pressure 
cLtainer k and the retort r, which is surrounded by cooling water d. 
By working the lever e water is fed into the first container chamber 
and the generation starts. The gas flows through the uptake pipe/ 
through the non-return valve g to the main vessel. The gas which 
collects here forces back the water in the main vessel c into the 
back pressure container b so that if the working pressure is exceeded, 
the water level sinks to such an extent that the How of water to the 
retort, which passes through the pipe near the lever e, is interrupted 

and generation ceases. The generation 
process is therefore accurately controlled 
in accordance with the consumption of 
gas. A manometer h shows the pressure. 
The container in the retort is divided 
into separate compartments over which 
water flows, one after the other. 

Finally, fig. 12 shows a high-pressure 
generator working on the displacement 
system. The method of working may 
be seen from the figure. The carbide 
container, which is fitted with sludge 
prongs, is placed in the generator, so that 
the gas collector is automatically closed 
when the cover plate is opened. Genera- 
tion starts immediately. The gas, which 
is collected in the gas container, displaces 
the water in the main container so that 
when the working pressure is reached, contact with the carbide 
ceases and the generation is interrupted. When gas is used, the 
water rises once more in the generator space and generation starts 
once again. A safety valve permits the gas to escape into the open 
air, if the pressure rises too high on account of after-make. 

Generators are frequently constructed in pairs so that two gas 
chambers feed one collecting chamber and thereby uninterrupted 
working is made possible. One chamber can generate gas while 
the other is being filled with carbide. For temporary high gas* 
takes, both generators may be used simultaneously and the output 
of the apparatus thereby doubled. 

Recently some firms have made quite new departures which may 
have an influence on the construction of apparatus. They will, 



Fig. 12. — High-pressure generator 
— displacement system 
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therefore, be briefly mentioned here. Fig. 13 shows the inside 
fittings, fig. 14 the outside appearance, of a new generator working 
on the carbide to water 
system. The carbide is 
put into containers which 
are kept in a vertical posi- 
tion by means of catches 
and prevent the access of 
the water to the carbide. 

A chain drive, which is 
operated by the bell, re- 
leases one catch after the 
other, according to the 
gas requirement. In this 
way the containers are 
tipped into the horizontal 

. . rr-^i *3- — ^Vertical chamber generator — inside view 

position. 1 he water now 

has access to the carbide and the generation of gas starts. The 
stream of gas in the generator results in a violent spraying effect 
and in complete gasification of the carbide. A pure and cool gas 
is obtained, without the 
danger of ignition through 
a spark or incandescent 
carbide. 

Fig. 15 shows a gener- 
ator in which pure carbide 
dust or a mixture of dust 
and fine granulated car- 
bide can be gasified. 

With this apparatus it 
becomes for the first time 
possible to make use of 
the waste material formed 
in the production of car- 
bide, which was^ previ- 
ously valueless. The 
carbide dust is stored in Fig. 14. — ‘Vertical chamber generator — outside view * 

a ' container a and is 

forced into the hopper by means of a conveyor screw 6. At the 
same time, a fine spray of water passes through the ring-shaped 
spray c into the chute, thus preventing the solidificatioil of the 
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dust. By means of a stirrer the water and the carhide are carried 
downwards and kept continually in motion so that the water and the 
carbide are in intimate contact and complete gasification results. ■ 



Fig. 1 6 shows another large generator of modern construction 
using circulating water, known as a “ Spray ” generator. The generator 
consists of (i) a main generator partly filled with water on which is 
placed a cylindrical carbide container, the lower portion of which is 
made into a perforated basket; (2) a carbide sluice for filling new 
carbide into the carbide container; and (3) a removable primary 
hopper which also serves the purpose of a filler hopper. At the side 
of the main vessel there is a centrifugal pump which is driven by a 
motor, an^ which takes water from the lower portion of the main 
vessel and delivers it to a spray nozzle on the inside of the container 
so that the water impinges with high velocity on the carbide in the 
perforated vessel. On account of the exccM w^r stream which is 
supplied, the carbide in the basket is gasified at a high rate, and. 
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at the same time, the lime sludge, which is fdi^e^lyjs washed away. 
Hence with the “ Spray ” generator, the after-mak^wlitelwsjaiuaed'itf^ 
other generators by the lime sludge is virtually eli minated. Afteix 
the spraying, the water runs back from the basket into the idU^iP'j^rt 
of the main vessel where it is once more drawn up by the pump 
and delivered to the spray nozzle. This circulation of the spray water 
takes place as long as the lime contained in the waiter does not 
exceed some permissible value. 



Regulation of the acetylene production is obtained by means of 
a pressure control switch. This interrupts the current to the centri- 
fugal pump motor at a definite maximum pressure of i atmosphere 
and switches in the current at a lower pressure. If production 
exceeds consumption the pressure rises in the generator and the 
centrifugal pump motor is switched off. If the pressure in the 
apparatus falls, due to the take, a pressure control switch switches 
on the current to the centrifugal pump motor. The spraying process 
starts once more and generation begins again. The pressure in 
the generator, therefore, varies continuously between the upper 
switching off and the lower switching on of the pressure control 
switch. 

Fig. 17 shows a " Bes^d ” generator for small outputs. The water 
chamber a is filled with water up to the mark A, and the cartridges 
of “ Beagid *’ d are ^la^ ia the frame c. The gas bell b is then put 
oyer ffu9 and both parts are forced into tl^ie water chsanber* After 



30 


WELDING PROCESSES 


releasing the air for a short time, the purifier and hydraulic valve, 
which are permanently connected to one another, are screwed on 

and the gas take may begin. 

The apparatus works on the displace- 
ment system and will produce only as 
much acetylene as is actually used. When 
the cock € is closed, the water is forced 
away from the “ Beagid ” and the produc- 
tion of gas ceases. When the take starts 
again the process controls itself auto- 
matically. 

High output “ Beagid generators for 
an output up to 250 c. ft. per hour are 
constructed in a modified form. 

Auxiliary Equipment for Acetylene 
Plants , — The acetylene which flows out 
of the generator is usually not fit for use 
without further treatment. There are still 
various chemical and mechanical impurities 
from which it must be freed, in addition 
to water vapour which is present in quan- 
tities which increase with increasing gas 
Fig. 17.— “Beagid ’’apparatus temperature. Moreover, it is frequently 

a, Water chamber; 6, gas bell; necessary to providc a special gas holder, 

c, frame for d\ d, “ Beagid ” car- . , i i i i i 

tridges; c, water cock. m Order to Obtain unbrokcn, regular work. 

At other times it is necessar}' to fit a 
pressure regulator. In any case, the generator must be protected 
against oxygen getting back from the torch or against a back fire 
and this is assured by hydraulic valves which are prescribed by 
regulations. In large installations, pressure gauges and gas meters 
are fitted. 

For generating gas, a range of auxiliary equipment is neces- 
sary, in addition to the acetylene generator, and this will be discussed 
in the following pages, from the point of view of construction, 
method of working and requirements of operating technique. 

The Washer is responsible for separating small particles of lime 
which coane over and also other mechanical impurities, in addition 
to freeing the acetylene from ammonia and hydrt^en sulphide, 
which are always present and which can seriously impair the quality 
of the weld. In addition, it may be used with advantage for coolii^ 
tlte gas. .This is seldom taken into account when fitting the waadber. 
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In general the water seal, which is prescribed in paragraph 17 of the 
Technical Principles of the Acetylene Association for separating the 
generating space from the gas holder, should assume the duty of 
the washer. A water seal of this type is indicated as / in fig. 8. It 
consists of a gas-tight, closed container into which dip two pipes of 
different lengths. It will be realized that a container of this kind can 
only ensure adequate cooling and purifying of the gas when it is 
designed to dimensions which correspond to the quantity of gas used. 
This is usually not the case. With portable J apparatus it is never 
so. Consequently a cool and pure gas cannot be obtained from these 
generators. Too small a quantity of water which is quickly heated 
is consequently less capable of purifying the gas, since the ability 
of the water to dissolve the gas diminishes considerably with in- 
creasing temperature. Half the quantity of hydrogen sulphide is 
dissolved when the water is heated up from 50° F. to 105° F. (lo'^ C. 
to 40® C.). The least that can be done is to take care frequently to 
renew the water in the seal pot. Wherever possible, however, a 
suitable washer of adequate size should be provided. It is only with 
a carbide to water plant, in which there is an adequate quantity of 
water, which takes over the work of the washer, that this precaution 
may be omitted. Even then it is advisable to renew the water fre- 
quently. It has been shown to be uneconomical to use again and 
again water which is saturated with gas in the hope of realizing 
savings in gas. When the gas is imperfectly purified, the saving in 
acetylene bears no relation to the expense of recovering the water. 

The Purifier , — In addition to the impurities mentioned, acetylene 
contains hydrogen phosphide which it was previously thought 
necessary to remove, so that the maximum content did not exceed 
•002 per cent. Accordingly acetylene installations were supplied 
with a chemical purifier. As a rule, it consisted of a cylindrical vessel 
filled with a purifying mass such as “ Katalysol “ Elarburylen 
Puratylen ”, &c., through which the gas had to flow. If the mass is 
a powder, it is carried on cotton wool or pieces of felt which are 
laid longitudinally on perforated plates. If the material is in larger 
lumps it may be put on a perforated base plate without any inter- 
mediate layer and alternated with cellulose material, one layer above 
the other. The gas should not experience too great a resistance when 
flowing through the container, but should also be unable to channel. 
Containers which have a large surface area are the most suitable. 

It has been shown, however, that little advantage is afforded by 
a cheipical mass under present day conditions, since the sisse of the 
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purifier must be approximately that of the generator because of the 
velocities of flow which are used to-day. This is obviously un- 
practical. 

In addition, the tests at the Technical Welding Research Depart- 
ment of the State Railways and the Chemico-Technical State Labora- 
tories have established that the quantities of hydrogen phosphide 
in present day acetylene generated from carbide which is com- 
mercially obtainable, only amount from *0025 to *003 per cent, and 
have no appreciable harmful effect on the quality of the weld. This 
only begins to occur with quantities of hydrogen phosphide of about 
•I per cent. 

In these circumstances, a chemical purifier can be dispensed 
with, in workshop equipment, and a source of danger is thereby 
eliminated, which would otherwise be set up by many purifying 
media, especially those containing chlorine. However, since me- 
chanical purification is necessary in any circumstances, the purifier 
must be retained, but instead of filling it with a purifying medium 
it is recommended that it should be filled with broken brick or dust- 
free coke in order to dry the gas and hold up mechanical impurities. 
In this way a special Drier may be saved. 

The Gas Holder which serves to store and distribute the gas under 
uniform pressure is usually built on to the generator of portable 
low pressure equipment and invariably on to the generator of a high 
pressure equipment, whereas in permanent low-pressure plants it 
is frequently erected separately. In this case, a floating bell is in- 
variably fitted which is guided by side rails in order to ensure that 
the movement is regular and frictionless. Every gas holder must be 
provided with a safety pipe which leads into the open air. Pipes 
which pass through the base of the water vessel above the level of 
the sealing water serve to conduct the gas from the generator to the 
ancillary equipment, and the points where it is used. In order to 
obtain the necessary acetylene pressure, the cover of the bell is 
loaded, otherwise the bell is made as light as possible so that no 
important pressure variations occur due to its rising out of the 
sealing water and altering the pressure conditions. 

Since the acetylene pressure in a container with a floating bell 
is limited to a relatively small amount, gas-holders with stationary 
bells are used in apparatus which is built for higher pressures md 
these function by displacing water or compressed air. This method 
is also adopted for equipment when it is desired to save space. 

The size of the useful gas-holder space is proporrioned accorded® 
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to the quantity of carbide which may be consumed in the equipment. 
Up to a carbide charge of i cwt., *32 c. ft. of gas holder space should 
be provided for each pound of carbide. For charges up to 2 cwt., 
•24 c. ft. for each further pound of carbide should be provided, and 
for quantities greater than these *16 c. ft. of gas holder space for 
each pound of carbide. This only applies to apparatus in which the 
carbide which is put in is not immediately gasified but comes in 
contact with the water in small quantities, depending on the control 
of the charging device worked from the gas-holder. For equipment 
in which the carbide is gasified at once, much greater gas holder 
space should be provided, and for every c. ft. per hour consumption, 
a minimum of 3 c. ft. of effective gas holder space should be available. 

Where there is a high-pressure pipe line system of large output 
with numerous points, it will always be found that with continuous 
variations in consumption, constant pressure cannot be maintained. 
The welder is then compelled to regulate the torch frequently. 
In order to remove this undesirable state of affairs, a specially suit- 
able Pressure Regulator is frequently installed, of which numerous 
types are on the market. In these circumstances the pressure re- 
ducing valve, which is described later, may be dispensed with. The 
welder then obtains a constant, regular gas pressure for the torch. 
In this way the work is considerably simplified. 

The Hydraulic Safety Valve .^ — The main purpose of the hydraulic 
valve is to prevent oxygen getting back into the acetylene main and 
to prevent its passage into the generator and hence prevent the 
formation of a highly explosive mixture in the latter. If an explosive 
mixture of this kind, consisting of acetylene with oxygen or air, 
has already formed in the line, the hydraulic valve must damp down 
and choke any ignition which may occur at the tip of the torch. 
It may proceed as an explosive wave along the pipe line, so that 
in no case can it get back to the generator. In addition, the modem 
hydraulic valve is required to maintain the vacuum, which exists 
in the torch, and keep it constant by sucking in air. Hence the 
hydraulic valve is one of the most important accessories in an acety- 
lene plant, and on its satisfactory working the safety of the plant 
depends. It is, therefore (in Germany), not only prescribed by 
regulation, but the design must be subjected to approval by the 
German Acetylene Association. 

• Fiiedrich, Hydraulic safety valves for gas welding plants Die Schmeh- 
Vol. 8 (1929), pp. 129, i66 and 203. “ Directions for the Construction 
of suitabk Hydraulic Valves for High Pressure Acetylene Equipment Autogem 
MmlBmMtmg, Vol. 24 (1931), Nos. 8 and 9, pp. iii and 121. 



34 WELDING PROCESSES 

The danger of oxygen getting back is very prevalent with low^ 
pressure installations should the tip of the torch become choked. 
The oxygen which is under high pressure then tries to enter the 
acetylene line which is under low pressure. 

Even when working with high-pressure acetylene, the danger 
of oxygen getting back into the line and of a blow back of the flame 
occurring is not impossible, although the danger of the oxygen getting 
back into the acetylene line at high pressure is not so great as with 
low-pressure acetylene. 

In order to guarantee the satisfactory working of the valve, 
an experiment is carried out when the design is tested to see whether 
it fulfils the following requirements: 

1. Oxygen must be unable to get back to the generator. 

2. Oxygen which gets back into the valve must escape to waste 

through the safety pipe and during this time only a small 
quantity of the water which is forced up should be lost. 

3. The valve should prevent the possibility of air being sucked 

through the safety valve during normal working. On the 
other hand, air must be sucked through the safety valve 
if the requisite quantity of acetylene cannot be supplied 
from the apparatus. At the same time the drawing of air 
through the apparatus itself and the formation of a dan- 
gerous acetylene air mixture inside the gas bell must be 
avoided. 

4. The carrying over of water by the gas stream through the 

valve must be avoided. 

In its original form the hydraulic valve consists of ar container 
which is partly filled with water and possesses a safety pipe in addi- 
tion to the gas inlet and outlet pipes. The basic form of a hydraulic 
valve of this type is shown in figs. 18 and 19. Its mode of operation 
may be seen from the figures. The safety pipe does not dip so 
deeply into the sealing water as the inlet gas pipe from the generator. 
The gas outlet pipe is fitted above the level of the sealing water. 

If oxygen gets back from the torch, the sealing water is forced up 
80 far until the lower opening of the safety pipe is clear of the water 
and the 03 ^gen is provided with a path into the open air, whilst the 
inlet gaspipe is kept closed by the sealing water. ^ 

In general, hydraulic, valves which have been in service up to 
the present time on low-pressure acetylene plants have been built 
according to this basic form. As long as too great calls were not imd^ 
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on the output of the generator, they have fulfilled their purpose, 
provided they have been carefully looked after and maintained. 
The development of fusion gas-welding, however, has resulted in 
continually increasing quantities of gas 
being required in unit time as was not 
previously the case. Whereas hydraulic 
valves were usually tested for an hourly 
output of 15 c. ft., to-day quantities 
from 150 c. ft. per hour up to 300 c. ft. 
per hour are nothing out of the or- 
dinary. 

With these high velocities of flow, 
the gas coming from the generator may 
rise in large bubbles through the water 
and form a gas path through which a 
back fire from the torch may easily find 
a way to the generator without the hy- 
draulic valves functioning. 

It will, therefore, be recognized that 
old designs of hydraulic valves do not 
afford that degree of safety, on large con- 

1 • 1 • 1 which the valve works when oxygen 

sumptions, which is necessary and con- gets back from the torch, 
sequently new developments have had to 

take place. The first step in this direction arose with the provision of 
the high-pressure generator. At the outset hydraulic valves were 
required which afforded a higher degree of safety. The solution, in 
this instance, was simpler than for low-pressure hydraulic valves, 
since methods could be adopted which resulted in a higher pressure 
drop in the hydraulic valve. This pressure drop may be neglected 
for high gas pressures, but if introduced for low gas pressures it 
would result in the low available pressure in the line being completely 
dropped through the hydraulic valve. 

The method used consists essentially in obtaining a fine atomiza- 
tion of the gas stream when it passes through the sealing water in 
the hydraulic valve by providing a large number of narrow inlet 
holes, so that the formation of a continuous gas stream is prevented. 
Conversely oxygen which gets back into the valve is prevented from 
passing through the pipe into the generator. As a rule a non-return 
valve is fixed in the valve, or the pipe leading to it, which is shut 
by the pressure of any explpsiofi wave which may be set up, and this 
seals path to the^^ g^ 



Figs. 18 and 19. — Lay-out of 
hydraulic valve 

Fig. 19 (right) shows the way in 
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A very well known type of high-pressure hydraulic valve of this 
kind is shown in figs. 20 and 21. 

The gas stream enters through the passage and lifts the non- 
return valve b. It enters the valve in the atomized state through the 
narrow openings in the baseplates r and ^ which are staggered in 
, respect to one another. It flows through 

I® I the sealing water and is once more Jed 

y ^nro round in a pipe fixed in the valve, before 
r leaves the valve e and reaches the 

I 'A torch. In the upper pipe of the valve a 

|l I tin disc is fixed at /. Oxygen which gets 

^ I back from the 

j I torch will force 

I I ' down the non- 

I _ return valve by 

. _ i-. pressure on 

water column 
I and hence seal 
the path to the 
generator. An 
explosion wave 

• r 

u 1- , coming from the 

Figs. 20 and 21. — High-pressure hydraulic valve r 'ii 

a, Gas inlet passage; b, non-retum valve; c and d, base plates with tOrCu Will aCt in 
staggered openings; e, outlet for the gas; f, tin disc. Same Way, 

and, in view of 

the high pressure which is set up, the tin disc will be burst and a 
direct path into the open air will thereby be provided. 

Fig. 22 shows another high-pressure valve. The non-refum valve 
is fixed in the main which comes from the generator to the l^ydraulic 
valve. The atomization of the acetylene, which enters the hydraulic 
valve, is obtained by providing a large number of small holes in the 
ring-shaped inlet pipe. The high-water column also serves the 


Figs. 20 and 21. — High-pressure hydraulic valve 

a. Gas inlet passage; b, non-retum valve; c and d, base plates with 
staggered openings; e, outlet for the gas; f, tin disc. 


purpose of stopping oxygen which may get back or of sealing the 
path of an explosion wave. If this occurs, it exerts a pressure on a 
membrane wKkh is attached to the base and presses it downwards. 
When stationary it is forced upwards by means of a spring. In this 
way a blow-off valve, which is fixed on the cover of the hydraulic 
valve and attached to the membrane by means of a Unk, is opened 
and the oxygen pr explosion wave may escape into the c^>en air. The 
valve also avoids the use of the tin disc described in the previous 
type. 3ince the changing of the tin disc, which may be danm^[i^ 
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by a back fire, always entails an interruption in the work of the 
welder, and, as the tin disc is easily broken and may be damaged 
mechanically, and has, therefore, to be specially protected, it was 
thought that, by providing a blow-olT valve for this hydraulic valve, 
an improvement would be made as compared with the hydraulic 
valve with the tin disc. Practice, however, has shown that, partly 
due to the inertia of the spring required for the membrane, and 
partly due to the inaccessibility of the rubber plug forming the blow- 
off valve, which frequently stuck, especially when it got old, the 



Fig. 22 . — High-pre88ure hydraulic valve Fig. 23. — New type low-pressure 

hydraulic valve 


valve did not open or only opened slowly. This resulted in the burst- 
ing of the hydraulic valve because of the explosion wave. Conse- 
quently valves of this type cannot be recommended. 

On account of the large pressure drop which is set up, these 
valves cannot be used for low pressure installations. Where longer 
mains for large generators exist, steps may be taken to increase the 
acetylene pressure by using compressors, as has been mentioned. 
The welding booths may then be provided with high-pressure 
valves. By means of a Prize Competition, the Technical Ccnnmittee 
for Welding Technblogy is engaged m developing a suitable low- 
ptessi^ hydtauUc valve which will afford adequate safety m 
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cases, especially for small generators, where it is not possible to pro- 
vide a compressor, as well as for the high gas consumptions which 
are required at the present time. The testing of the suggestions 
which have been received has now been completed, so that it may 
be assumed that in a short time a number of low-pressure hydraulic 
valves will be put on the market which accord with the requirements 
specified. 

One low-pressure hydraulic valve of this type which may be used 
is already available commercially; this is shown in fig. 23. In con- 
trast to previous low-pressure valves, the vessel of the valve is so 
divided that the acetylene entering from the generator is conducted 
through a pipe having a throttling device at one end, and finally 
reaches the inner vessel. From here it must flow out through a coil, 
which has a further throttling device at the other end, before it 
reaches the outer chamber of the hydraulic valve. It then passes 
through the main to the point of consumption. The inner chamber 
is directly connected at the bottom with the sealing water so that the 
water stands at the same height in both chambers. 

If a back-fire occurs, the water in the valve is forced into the 
inlet pipe through the throttling device so that a further flow of 
gas into the valve is prevented before the explosion wave can find 
another path through the coil and from there into the inner chamber 
of the valve to the generator. The excess pressure is relieved in the 
usual way tnrough the safety pipe which leads into the open air. 

The valve also functions if the vacuum at the point of consump- 
tion varies. The atmospheric pressure overcomes the | in. water 
column in the safety pipe and allows air to blow into the valve to 
equalize the pressure. 

3. The Installation, Working and Maintenance of Acetylene 
Plants.* 

There are Home Office regulations governing the manufacture, 
supervision and use of acetylene, as well as for the storage of calcium 
carbide. All managers of works in which acetylene gas is used, 
and the personnel which is responsible for examining and main- 
taining of plants, should be acquainted with every detail of these. 

In theijollowing, reference is made to some important points. 

Anyone desirous of manufacturing acetylene or storing calcium 
carbide must report the matter to the load police ofiicials. It is 
also necessary to report the undertaking of important modifications 
• The regolatidns referred to we those in force in Cermeny* 
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to the plant, whether it is to be permanently out of commission or 
not, and important modifications to the generator station. In addition, 
important modifications to any standard type of generator require 
the permission of the German Acetylene Association. For example, 
unless permission has been obtained, it is not allowed, as is often 
done, to load the bell of the acetylene container in order to increase 
the gas pressure above that value corresponding to the type of con- 
struction, in the event of there being an insufficient pressure at the 
torch. 

Acetylene generators having a maximum filling of 22 lb. of carbide 
and up to a maximum hourly output of 225 c. ft. of acetylene, which 
may be used in workshops (portable generators), are only permitted 
after a special test of the type by the German Acetylene Association. 
This applies to all acetylene generators independently of their size, 
in which there is not a variable capacity holder. All other generators 
may be subjected to an optional test on request. The test also applies 
to the hydraulic valve. 

Workshops, in which portable generators are used, must be 
provided with air purification equipment and for each generator 
they must have a minimum of 2000 c. ft. air space and 210 sq. ft. 
floor space. The generators must be placed at least 10 ft. from an 
open light or fire and 20 ft. from other generators. 

Permanent acetylene generators having a charge of more than 
22 lb. of carbide may be erected only in special generator rooms. 
Portable generators of this type may be used only in the open air. 
The general use of acetylene generators in the open air is only 
permitted when there is no danger of freezing. These special build- 
ings must have fireproof walls and a light roof. They must be pro- 
vided with good ventilators on the roof and protected against frost 
unless the generator has been made frost-proof. Media for pro- 
tecting generators against frost must not attack the generator shell. 

Buildings must have adequate daylight in order to enable any 
work to be carried out without artificial light. It is forbidden to enter 
the building with a light or glowing object (smoking). 

Pits for lime sludge must be so arranged that acetylene which 
may be given off cannot enter into closed buildings. Open pits are 
to be railed in; those with tight roofs are to be provided with efficient 
ventilating equipment. 

Carbide may be stored only in dry, water-tight sealed drums. 
The opening of the drums with soldering equipment or tools which 
may cause sparks is forbiddeh. In general, only one carbide drum 
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may be open in each store. Drums which have been opened are 
to be kept covered with a water-tight cover which may be closed or 
clamped on. There are special precautions relating to the storage 
of large quantities of carbide. 

Only general advice can be tendered for the running of an acety- 
lene plant. The special working instructions which are provided 
by the suppliers with each apparatus are to be observed. 

Before putting the plant into commission, each piece of indi- 
vidual apparatus, such as the generator, gas holder, water seals, 
hydraulic valves, should be filled with water according to 
instructions. If it is suspected that there are leaks, the places 
concerned should be brushed with soapy water and in no case tested 
with a flame. 

When the carbide is put in, care should be taken with carbide 
to water equipment to remove pieces of ferro-silicon and leave 
carbide dust behind. With water to carbide equipments the 
sliding drawers should be filled only full enough to provide adequate 
room for the carbide sludge which is formed and which requires 
a greater volume. With ** displacement ’’ equipment care should 
be taken to ensure that the grading of the carbide corresponds with 
the type of basket used. 

The gas which is first generated is sent into the open air, sihce 
it is always mixed with air and forms an explosive mixture. The 
generator should not be overloaded, as it is very easy to set up an 
undesirable temperature rise. The escape of gas into the building 
should not amount to more than -i c. ft. per hour. The sludging of 
the generator should be carried out regularly and, at the same time, 
fresh water should be put in. 

The hydraulic valve should be examined several times a day 
to see that the water level is as prescribed. It may be put into com- 
mission when the water flows out of the test cock with the gas inlet 
cock shut and the gas outlet cock open. 

In the Maintenance of a plant it should be carefully noted that 
repairs, in which fire or hot or glowing tools are used, may be under- 
taken only when the vessel, in which soitie acetylene may remain 
behind, has previously been filled with water and carefully cleaned 
out. Blowihg out the generator is insufficient. After the apparatus 
has been cleaned, it is preferable to leave it standing for some ^me 
filled with water so that every trace of acetylene may be removed. 
The repair work should only be carried out in the daylight and with 
portable equipment only in the open air. Frozen equipment fhontd 
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be thawed only with hot water or steam and not with fire or any 
hot objects. 

Great care should always be taken when working on an old 
generator and also on one which has been out of commission for a 
long time. Thire have been generators which, after being out of 
use for many years, have exploded, as soon as work was undertaken 
on them, with a view to putting them in commission. Consequently 
repair work should be carried out only by experienced workmen. 

The generator should be^painted from time to time and normal 
oil paint should be used externally and pure asphalt tar internally. 

4. Steel Cylinders for Compressed Gases and their Aux- 
iliaries. 

Oxygen, hydrogen and dissolved acetylene for welding purposes 
are supplied in steel cylinders. As a rule these are 8| in. in diameter 
and about 6 ft. high, and have a capacity of 1*4 c. ft. of water and 
200 c. ft. of gas. 

Steel cylinders should be made from the best steel having a 
maximum yield point of 28-5 tons/in.^ and 35-40 tons/in.^ tensile 
strength and 12 per cent elongation. They are 
made either from seamless tubing or from pilgered 
billets by the hollow forging process. As a rule the 
filling pressure is 150 atmospheres for oxygen and 
hydrogen and 15 atmospheres for dissolved acety- 
lene. Fig. 24 shows the appearance of a cylinder. 

Cylinders must have a base ring in order to prevent 
them from rolling about. 

A Home Office regulation of ist October, 1921, 
concerning the transport of liquefied and compressed 
gases governs all matters relating to these cylin- 
ders. Not only is the manufacture governed by 
official specifications, but it is also laid down that. Fig. 24 — Section 
with certain exceptions, the cylinders must be sub- ® 

jected to an dfficial test every five years at the most. 

The German State Railways not only test cylinders by illuminating 
the inteHor, but also by means of X-Rays. By- this test, not only 
have a large number of dangerous corroded spots been found on 
the cylinder walls but, in addition, serious fractures have been 
discovered in the base. A new decree for high-pressure gases 
is in course of preparation and this will be valid for the whole State. 

The steel cylinders are closed by means of a screw-down valve 
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which must not be taken off by the consumer. In addition to sealing 
the cylinder, their main purpose is for coupling on, as simply and 
safely as possible, an adjustable pressure-reducing valve for con- 
trolling the gas take and providing the necessary pressure for weld- 
ing. In order to avoid getting these cylinders mixed, it is prescribed 
by regulations that the connexion on the cylinder valve for the pres- 
sure-reducing valve has a right-hand thread for oxygen and for 
combustible gases, with the exception of acetylene, which has a 
left-hand thread. A clamped coupling is prescribed for acetylene. 
In addition, it is recommended that the gas cylinders should be 



a, Hard rubber plug; b, 
brass sleeve; c, packing disc; 
d, guide nut; e, guide ring; 
/, muff coupling. 



Figs. 26 and 27. — Acetylene cylinder with clamp 
connexion 


clearly indicated by means of a coat of paint on the outside. In this 
case, cylinders should be painted blue for oxygen, red for hydrogen, 
green for nitrogen, white for acetylene, and grey for all other gases. 
A coat of paint should cover the whole surface of the cylinder. 

Fig. 25 shows the cylinder valve which is used for oxygen 
cylinders. Sealing is provided by a hard rubber plug which is 
fixed on the lower portion of a double spindle.\ If the upper spindle 
is turned by means of the handwheel, the lower is withdrawn by 
means of a removable brass sleeve and the sealing packing is, there- 
fore, raised or lowered. The inside of the valve is kept tight by means 
of a packing disc r, which is kept permanently pressed against a 
guide nut by means of a spring. Since this packing occa- 
sionally to be replaced on a full cylinder, on account of damage and 
use, the upper portion of the spindle may be taken out by unscrew- 
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ing the guide nut d. After having pressed the sealing packing a 
hard on its seat the damaged packing may be removed and replaced. 
In addition to cylinder valves of this type other simpler valves 
having continuous spindles and gland valves are' used. These are 
suitable for acetylene cylinders when provided with a clamped 
connecting piece, since the latter ^re at a lower pressure than, for 
example, oxygen cylinders. Figs. 26 and 27 show a simple valve 
of this kind, along with the clamp connecting-piece belonging to it. 
The spindle carrying the sealing plug is removed by means of a 
spanner. 

Since there is a possibility of rusting, valves for oxygen must 
have no internal steel parts. Iron oxide, combined with oxygen 
under pressure, may cause ignition. The parts are, therefore, made 
of brass or bronze. Conversely, sealing valves for acetylene cylinders 
must not be made of copper, which forms explosive compounds with 
acetylene, but must be made only of steel. 

The following points regarding the handling of cylinders and 
cylinder valves are specially to be noted. 

Oil and grease in contact with oxygen under pressure tend to 
ignite and cause explosions. These materials, as well as talc, paraffin 
and leather packings, should be avoided at all costs. Even oily rags 
or greasy hands may be sources of danger. 

i If large quantities of oxygen are taken from the cylinder, for 
example, when a large welding torch is connected to it, or during 
cutting, freezing of the cylinder valve may easily be caused on 
account of decreased temperature set up by expansion, and this 
may cause the water which is always contained in oxygen, to freeze. 
This freezing may easily be observed by the formation of hoar frost 
and the backward movement of the pressure gauge needle. Conse- 
quently, cylinders should not be emptied in less than half an hour. 
This corresponds to a maximum take of 7 c. ft. per minute. If the 
valve is frozen it should not be thawed by means of a flame or in- 
candescent tool. 

i Similarly not more than | c. ft. of gas per minute should be 
taken from an acetylene cylinder. The reason for this is different, 
and ilB due to the fact that, with large gas takes, acetone is drawm 
over from the cylinder. If the consumption of oxygen or acetylene 
is greater than the figures given, several cylinders must be coii- 
neoted together. 

The cylinders should be treated carefully and, above all, they 
shotild not be thrown about* This precaution should be observed, 
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especially in winter because of the brittleness of the cylinder material. 
They may be protected against accident by suitable cylinder con- 
tainers or stands. 

For transport purposes, it is preferable to lay the cylinders flat, 
and during working it is most convenient, especially with oxygen, 
to place them in the horizontal position. On the other hand, cylinders 
of acetylene should never be laid flat during working, otherwise 
the acetone will flow out. In conclusion, the cylinders should be 
protected against artificial or natural heating as the gas is already 
subject to a sufficiently high pressure and any increase of pressure 
due to heating may lead to damage. 

Pressure Reducing Valves , — For welding purposes the pressure 
under which the gas stands in the cylinder must be reduced. For 
this purpose a pressure-reducing valve is provided for each cylinder. 

It consists essentially of the following parts: A high-pressure 
connecting-piece, with connecting screw and high-pressure mano- 
meter and a low-pressure part with a control screw, working pressure 
gauge, safety valve and stop valve. It also carries the hose connecting- 
piece. 

Different valves for greater or less pressure reductions are neces- 
sary for cutting and welding purposes. The valves are clearly dis- 
tinguished by means of a coat of blue paint for oxygen, red for 
hydrogen, and white for acetylene. 

Figs. 28 and 29 show a very common design of a pressure-reducing 
valve for oxygen. It works in the following way. The pressure- 
reducing valve is connected to the cylinder valve by means of the nut i . 
When the valve is opened, the gas flows through the passage in 
the connecting branch as far as the narrow pressure-reducing channel 
2, and, at the same time, indicates the pressure in the cylinder as it 
is connecting with the high-pressure manometer. By turning the 
handwheel 3, the spring 4 is compressed, and this in turn acts on 
the metal disc 5, the rubber membrane 6 and the links 7 and 8 
causing the exit nozzle 9 to open. The gas now flows into the low- 
pressure housing until the pressure in the housing is higher than 
that corresponding to the setting of the spring 4, whereby the 
locking spring 12 starts to function and forces the link carrying the 
hard rubl^er plate hard against its seat. At the same time, since a 
pressure drop is set up, due to the oxyg^ flowing through the valve, 
the^ membrane 6, which is loaded with the pressure of the control 
spring 4, is only compressed, until spring 4 again overconi^ fhe 
back pressure of spring iz and, riierefore, gas niay eiK^ipe frw the 
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cylinder. The working pressure gauge indicates the pressure in the 
low-pressure chamber. 

In order to prevent the pressure from rising above a definite 
amount, on account of lack of tightness or damage to the valve seat 
at 9, a permanent safety valve 10 is fitted which should not, how- 
ever, be fitted to the flange itself as is shown in the figure. This 
requirement is fulfilled 
in newer designs of 
valves. 

In addition, the 
sleeve ii is fitted in 
the connecting piece 
before the expansion 
passage, in order to 
protect the pressure 
reducing valve against 
the danger of being 
burnt out. It works 
by conducting away 
the heat of compres- 
sion which is generated 
in the nozzle when the 
cylinder valve is opened 
and in this way the 
ignition temperature of 
the hard rubber is not 
attained. There are 
other equally suitable 
safety devices for pre- 
venting burning out, 
for example, turbu- 
lent flow nozzles, but 
felt packings have not proved suitable. 

In addition, the propagation of an explosion from the torch 
side may be prevented by coupling in a safety cartridge. This is 
screwed on to the controlling cock, i.e. on the low-pressure side of 
the reducing valve. The hose is connected from this to the torch. 
The non-return valve which is fixed in the safety cartridge allows 
the gas to flow only in the direction of the torch and prevents a return 
flow, and while the gas may flow through the fireproof porous filler 
material with its numerous small channels it holds up an explosion 



Figs. 28 and 29 ^ — Section through a pressure-reducing valve 

i.Nut; 2, expansion passage; 3, hand wheel; 4, spring; 
5, metal disc; 6, rubber membrane; 7 and 8, levers; 9, exit 
nozzle; 10, safety valve; 11, fire-protecting sleeve; I2t spring. 
I 
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wave which is travelling from the torch through the hose and brings 
it to rest. It should be tested against striking back, and there is also 
the danger of breakage during transport. 

Pressure reducing valves of the type described are unable, how- 
ever, to maintain a uniform pressure over a long period of time. 
On account of the gradual reduction of the cylinder pressure, the 
sealing spring 12 opposing spring 4 is subjected to a greater load, 
and this can only be neutralized by adjusting the handwheel 3 
which actuates the back pressure spring 4. In order to prevent a 
reduction in the working pressure, various methods have been pro- 
pounded. 

In modern constant pressure-reducing valves, the method is to 

replace the lever link, which 
is inside the valve previously 
described, by a helical spring 
which, at the same time, fulfils 
the function of the sealing 
spring and is so controlled by 
the pressure existing in the 
cylinder at the time, that it 
presses more or less strongly 
against the packing seat so 
that it is unnecessary to carry 
out any subsequent adjust- 
ment. 

Recently, single- or double- 
stage piston valves have made 
great headway. Fig. 30 shows 
a valve of the former type, the 
mode of operation of which may be clearly seen from the drawing. 
An adjustable membrane, which is guided by a spring, has also been 
provided in this type. When the valve is adjusted it presses through 
a sphere on to a piston, which is fixed in the middle of the valve 
and, by means of a thrust link, which bears on a centre which is 
made of metal to increase its life, this in its turn pushes the hard 
rubber seal plate and so opens the valve. When the pressure in the 
valve has risen to such an extent as to overcome the resistance of 
the membrane spring, the closing spring presses the sealing plug 
on its seat again and closes the valve so that the piston returns to its 
initial position. When the pressure in the valve tends to sink, the 
process starts once more. 



Fig. 30. — Constant-pressure reducing valve 
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If the pressure in the valve rises due to diminution in the take 
below a certain amount, the membrane is forced out of its norma! 
position. The piston does not move along with it, and consequently 
the sphere is raised off its seat on the membrane and the gas may 
escape through the opening into the outer chamber and hence into 
the air. This arrangement describes the safety valve. 

A vertical type of piston valve is also made. Double stage valves 
consist of two single-stage valves which are similar in their operation 
and are built in series. The former stage usually reduces the pressure 
automatically to 15 atmospheres and cannot be regulated externally 
except by special adjustment. This arrangement has the advantage 
of providing a perfectly straight line pressure distribution even at 
low temperatures. In addition, it provides the best protection 
against burning out the valve. In the first stage, which is provided 
with a rather larger outlet for the oxygen which passes through it, 
there is no possibility of heating up the hard rubber sealing plug to 
the dangerous ignition temperature of 510® F. (265'^ C.), since the 
piston is always raised off its seat, depending on the pressure reduc- 
tion, and the heat can be conducted away to the body of the valve. 
In spite of the narrower inlet hole in the second stage, no com- 
pression can take place which is sufficiently large to raise the gas 
to the ignition temperature. 

The Welding Torch . — The welding torch, termed ‘‘ Torch ** for 
short, is the welder’s tool for fusion gas welding. Good work may 
only be expected when the welder is provided with a sound torch 
and when it is always kept in good condition. As there are a large 
number of torches on the market which do not fulfil all the con- 
ditions required of them, care must be taken when selecting one. In 
the following pages are detailed the main points to which attention 
should be given. 

The torch is responsible for mixing intimately the oxygea and 
whatever combustible gas may be used, and enabling the correct 
setting of the most suitable flame for welding to be obtained. It 
should be easily manipulated and not too heavy so that the welder 
is not hindered or fatigued during his work. 

In all torches the main chamber is designed as the handle and 
to this are fitted the pipes for oxygen and the combustible gas. The 
mixing pipe with the torch tip is connected to the handle pipe, and 
in this pipe the mixing of the gases takes place. Pfessed brass is 
usually used as the material for the handle and the mixing pipe 
and recently various light metals have been used. Copper is used 
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for the torch tip. Care should be taken that the design of screwed 
parts and the tips is robust and clean. The inner parts should be 
easily accessible and, most of all, the weight should be evenly dis- 
tributed fore and aft the handle. 

Both gas pipes are provided with a suitable closing device in the 
shape of a cock or preferably a valve. The acetylene valve, at least, 
should be situated near the hand which guides the torch, so that it 
may be comfortably operated during welding, should it be found 
necessary to regulate the supply of gas. In old types of torches the 
closing device is often found behind the hand. For the reasons 
which have been given this is unsatisfactory. 

If the gases are fed into the torch at different pressures, the 
oxygen, which is at a higher pressure, is responsible for drawing in 
the acetylene in quantities which should be at least equal to the 
quantity of oxygen for any setting. This is achieved by means of an 
injector with a mixing nozzle, similar to the steam or water injector. 
If acetylene at a higher pressure is available it may be supplied at 
the same pressure as the oxygen and, in this case, a simple mixing 
nozzle is sufficient and the injector principle may be dispensed with. 

As a rule, a distinction is made between {a) Injector torches, 
{b) Mixing nozzle torches, because of their different methods of 
working. 

From what w^e have previously said, it will be realized that these 
terms do not correctly indicate the way in which the torch works. 
The injector is also coupled with a kind of mixing nozzle so that 
the gases may be intimately mixed with one another. Equally un^ 
satisfactory is the distinction between low-pressure and high«-pressure 
acetylene torches, since the injector torch is frequently used for 
high-pressure acetylene and, in this case, the acetylene pressure is 
set at a slightly less value than the oxygen pressure. It is preferable, 
therefore, to distinguish between them as follows: (a) Injector 
torches, (b) Injectorless torches. 

J pig. 31 shows the layout of an injector torch. The main part is 
the injector, through the central opening of which the oxygen flows 
at high velocity under a pressure of between 15 and 45 Ib./in.^. 
In this way^ the acetylene, which is at a lower pressure, is drawn by 
the injectof* through the surrounding annular space. Both gases 
then mix in divergent conical portions of the pipe and, since the exit 
opening diameter of the torch tip is less, the velocity decreases and 
the pressure in the mixing pipe rises. This pressure is converted 
into exit velocity at the exit from the tip of the torch. 
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This opportunity will be taken to point out a disadvantage in the 
construction of the torch as is shown in the layout. The acetylene 
is led in through the handle pipe itself, and this is situated before the 
injector. The oxygen pipe is enclosed in the handle pipe and is 
surrounded along its whole length by the acetylene pipe. With this 
arrangement, there is the danger that the oxygen may get into the 
acetylene line, which is at a lower pressure, if the pipe, which has 



been provided for it, proves for any reason not to be tight. Hence, 
attention should be paid to the provision of a special line for the 
combustible gas as well, which should be placed alongside the 
handle pipe as far as the injector nozzle and only then should it feed 
into the annular space. Holes which are drilled in the handle pipe 
will allow gas to escape into the open air, should leaks occur. 

Various drawbacks which are associated with the injector, and 
which will be discussed in detail in the following pages, have resulted 
in a return to the injectorless torch for use with acetylene, of the 



type which is used with hydrogen. This only occurred when suc- 
cess had been achieved in supplying acetylene at a higher pressure. 

The layout of an injectorless torch (mixing nozzle torch) is shown 
in fig. 32. Oxygen and acetylene enter the mixing nozzle through 
separate pipes. In order to ensure a neutral flame, the gases are led 
to the torch at approximately the same pressure. The processes 
which take place in the mixing nozzle and at the outlet through the 
tip are similar to those which occur in the injector tdreh. 

In order to be able to use a suitable flame, both for injector 
torches and injectorless torches^ corfesponding to the various thick- 
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nesses of material, and the heat conductivity of different metals, 
it must be possible to change the mixing pipe, and, in any case, the 
torch tip. Admittedly there are torches which are not provided 
with devices of this kind, and these are known as Non-variable 
Torches. They are only used in places where a definite type of 
weld is frequently repeated, for example, on mass production work 
or on use with plates of limited thicknesses. In other cases, if non- 
variable torches are being used, one torch must always be exchanged 
for another if a new piece of welding work is necessary or if a stronger 
or weaker flame is required. In general, therefore, non-variable 
torches are not satisfactory. 



The usual arrangement is to supply a torch with interchangeable 
tips. These torches are termed Variable Welding Torches in con- 
trast to the non-variable torches. Consequently, there is a con- 
siderable difference between injector torches and injectorless^ torches. 
In the latter case only the screwed tip is changed. As a rule a set 
of 4 to 8 interchangeable tips are supplied for various flame strengths. 

For injector torches, however, it is insufficient to change the* 
tip alone, since the dimensions of the injector and the size of the 
passages in it must bear a definite relation to those of the mixing 
pipe. Consequently, in injector torches, the mixing pipe is made 
in one piece with the tip and the injector is made in one piece with 
the mixing nozzle, and these are made interchangeable. Figs. 33 
and 34 show an injector torch'which can be converted into a cutting 
torch by means of a suitable fitting, and this will be discussed in 
greater detail in the third part of the book. The oxygen nozzle 
forms a tight joint with a conical face which provides a seating for 
it iii the handle pipe. Since it is quite easy to get a leak at this place 
which will allow die oxygen to get back into the acetylene line and 
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result in the formation of an explosive mixture, special care should 
be taken to ensure that the welding tip sits tightly on its seat. So- 
called safety variable head welding torches, which are supposed to 
overcome the danger by conducting the oxygen into the open air, 
should a leak occur at the seat, have proved unsatisfactory. 

The danger of the oxygen getting back into the acetylene line 
exists with all torches and this may also be caused by blocking up 
the tip through impurities or by unskilled lighting or shutting off 
of the welding flame. 

There is also the further danger, which is especially existent in 
low-pressure installations, in which the acetylene gas is at a lower 
pressure than the oxygen, that a highly explosive mixture of acetylene 
and oxygen may form in the acetylene line and may result in an 
explosion wave, if a blow-back occurs in the torch. 

It is very easy for a flame to strike back inside the torch, when 
the torch is heated and this cannot always be avoided. It is neces- 
sary that blow-backs should not pass farther along than the mixing 
pipe and they should be damped down there and further combustion 
of the flame inside the torch should be prevented. This may be 
achieved by suitable design, by making the inlet and outlet diameters 
for the gases in the nozzle and tip of a definite ratio, which has been 
determined by experience. In general, all torches to-day are virtually 
safe against back firing. One can convince oneself of the degree of 
safety of a torch against back firing by holding it in a narrow angle 
formed by two plates, or at one end of a closed pipe, so that the heat 
of the flame is thrown back on to the torch. It is better still to test 
the safety against back-firing by closing the torch tip suddenly, by 
extinguishing the torch through holding the tip against a plate. 
This method is also useful to test the loss of suction with increasing 
temperature. 

With injector torches, the heating of the torch has another 
effect, viz. to alter the mixing ratio between oxygen and acetylene, 
so that excess oxygen is obtained. The welder has then to regulate 
the torch to give a neutral flame. In many torches, this phenomenon 
increases with increasing temperature to such an extent that finally 
it is absolutely impossible to obtain a ratio of oxygen to acetylene 
of I to I. Such torches then continue to work with excess oxygen 
and the weld can very easily be spoiled. This phenomenon has been 
given the name of ‘‘ Dilution and it has been explained by stating 
thkt with increasing temperature the density of acetylene is reduced 
to a greater extent, than that of oxygen and consequently the latter 
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is unable to suck through the same quantity of acetylene. Investi- 
gations of the Technical High School in Aachen as well as at the 
Chemico-Technical State Laboratory, Berlin, and the Technical 
Research Laboratory of the State Railways, Wittenberge, have 
shown that the reason for this is to be found in the variations in 
pressure which are set up in the torch.* Pressure in the mixing pipe 

is the factor controlling the 
reduction in injector capacity 
of the torch. As soon as 
the pressure rises on account 
of the heating of the mixing 
pipe and the consequent ex- 
pansion of the gas, which 
acts uniformly in all direc- 
tions, experiments have shown 
that the vacuum before the 
injector nozzle, and conse- 
quently the suction, decrease 
in the same ratio since this 
increase in pressure primarily 
affects the acetylene which is 
entering at a lower pressure. 
From the curves in Figs. 35 
and 36 the processes which 
occur will be quite clear, if it is borne in mind that the zero line is 
displaced downwards when the torch is heated. In consequence, 
the pressure in the mixing pipe is increased and this re^sults in 
a diminution of the vacuum before the injector nozzle which 
decreases almost to zero and causes the loss of suction capacity. 

Up to the time of writing there are few torches in which the 
injector effect remains sufficiently constant with large increases in 
temperature, that a neutral ratio of oxygen to acetylene can be main- 
tained. Success can only be achieved in this direction by suitable 
design based on experience and, as yet, the matter has not been com- 
pletely cleared up. 

When low-pressure acetylene is being used, good torches with 
a high suction capacity are definitely to be preferred. It must, how- 
ever, be pointed out that, with most torches the suction capacity 

♦ Wallichs and Mues, “ The Behaviour of the Welding Torch during a change 
of Pressure conditions between oxygen and acetylene ”, Autogene Metallbearbeitmg^ 
Vol. 22 (1929), p >146. 
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Figs. 35 and 36. — Lay-out and pressure distribution 
in an injector torch 

G, Gas; O, oxygen; GM, mixture 
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cannot be completely maintained if, at the same time, the necessary 
safety against striking back is provided. One of the two is always 
gained at the expense of the other. Consequently, with injector 
torches, which are to be used with acetylene at high pressure, more 
stress is laid on their safety against striking back than on their 
suction capacity, as this is not so important because high-pressure 
acetylene will always continue to" flow even if the vacuum before 
the mixing nozzle is reduced. It will, of course, always be necessary 
to regulate the torch when it heats up. In some cases this unfortunate 
state of affairs has led to the adoption of the injectorless torch which 
is used in oxy-hydrogen welding, since it was thought that it would 
not be necessary to exercise the same degree of control, as both 
gases are available at the same pressure. It should not be forgotten, 
however, that this torch has also to be regulated because of changes 
in pressure in the acetylene or oxygen line. In consequence, opinions 
vary, to-day, as to whether the injectorless torch, with high-pressure 
acetylene, is definitely preferable, providing special precautions are 
taken to ensure equality of pressure and quantity. This quality has 
been sought in a special design knowm as the “ Frama torch. 

This consists of a mixing nozzle torch, provided with a throttling 
device where the gases enter and this may be adjusted to give a de- 
finite flame size and to ensure that equal quantities of both gases 
flow in, so that the theoretical mixing ratio is available. 

Another special design is the two-flame torch which has recently 
been introduced into various countries. The object of this is to in- 
crease the welding speed. A most excellent design is that which 
has at the end an asbestos covering which is common to both tips. 
In order to protect the covering against damage it is surrounded 
by a light copper sheath. If this end piece is dipped in water before 
welding, the insulating material becomes saturated with the water 
so that, due to the vaporization of the water during welding, a cool- 
ing effect of the tip is obtained by the absorption of heat. 

Torches with three or more flames have also been constructed. 
Since it is, difficult to observe carefully a large number of flames and 
since the advantage which is obtained with the two-flame torch is 
not essentially improved upon, torches of this type are less to be 
recommended. 

Handling of the Torch , — From what has been previously stated, 
it is obvious that the welding torch is a very sensitive tool, and must 
accordingly be handled with care, if it is hoped to carry out satis- 
factory work with it. Care should be taken to see that it is protected 

^ 674 ) . 3 



54 


WELDING PROCESSES 


against injury, when it is being used. If long interruptions in the 
work occur, it is better to put it in a special tool-box which is used 
to hold the welding tips and other fragile welding accessories. In 
order to relight the flame the welding bench is provided with a small 
light. 

If welding work is carried out at various places, it is better to 
use matches for lighting the flame, and the welder can carry these 
with him. 

When hydrogen, illuminating gas, benzine and benzol vapour 
are being used, the combustible gas is first lit and then the oxygen 
is turned on. Conversely, when the work is finished, the oxygen is 
first turned off and then the combustible gas. With the acetylene 
torch, the position is reversed. The valve in the oxygen pipe is first 
opened, and then that in the acetylene pipe, and it is only lit when 
the gases have mixed. If the same procedure were adopted as with 
the previously mentioned gases a dirty, sooty flame would be ob- 
tained from the acetylene. When the torch is put down, the acetylene 
is first turned off and then the oxygen. If a back-fire occurs the gas 
line is first shut and then the oxygen line and a short wait should be 
made before lighting the torch again. With a design which is safe 
against back-firing, the torch tip may be rubbed, without risk, on a 
piece of wood in order to clean the tip. 

If the torch has got choked up during working, the copper tip 
must only be cleaned with a copper needle or a piece of sharpened 
wood, otherwise the nozzle diameters will be increased and the tip 
will soon be rendered unfit for service. Spots of soot which are 
caused by back-fires may best be removed by washing down with 
soapy water, benzine or potash lye. A warning is here given against 
the use of reamers. 

Finally a sufficiently large vessel of water should be kept on the 
welding bench so that the torch may be cooled from time to time. 
It is frequently necessary to cool do'vyn the torch when work is being 
carried out which causes the nozzle to heat up quickly, as is the 
case when large objects are being welded or when welding is being 
carried out in corners and hollow places, which cause the heat to be 
thrown back. When the torch is dipped in the cooling vessel the 
gas should be shut off as, if a back-fire occurs, the flame may con- 
tinue to burn in the torch, and the gas which flowa out in the water 
may give rise to explosions, if it is ignited for any reason. 

^ modifications and repairs to torches should only be carried 
out by experienced workmen. As a rule, welders cannot be regarded 
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as falling in this category. If a special fitter is not available, it is 
preferable to have the necessary work carried out by the manu- 
facturers. 

Welding Accessories , — The hoses y which provide the connexion 
between the welding torches and the gas supply or pipes connected 
to it, are made of rubber and reinforced by linings or coverings of 
linen. Wire wrapping cannot be recommended since, if this is used, 
the hoses lose their flexibility. In general, all the dimensions of the 
hoses for oxygen and combustible gases are standardized, and should 
be ordered in accordance with German Industrial Standard 1901. 
The same Standard applies to sockets for hoses which have been 
standardized under Standards 1902 and 1903. The ends of the 
hose are drawn over the sockets and fixed with clamps. When 
leaks at connexions are being looked for, this should be done by 
brushing them over with soapy water. The hoses should be 
tested every month by a pressure test with compressed air or 
water. As a rule leaking hoses are the cause of setting the hose 
on fire. 

Duripg working, care should be taken not to let the hoses lie on 
the ground where they may be damaged by people stepping on 
them or riding over them. They should also be laid where they 
cannot be set on fire by incandescent pieces of metal which may 
flow or drop on them. 

Fixed Gas Mains are used in permanent plants to feed the gas, 
and also in some cases to feed oxygen from a central station to the 
working benches. Instructions are given in the Supplement to the 
“ Technical Principles of the Acetylene Association for the Con- 
struction and Erection of Acetylene Plants ^ dealing with the 
arrangement of pipe lines for acetylene, their protection against 
accumulation of water and frost, the design of pipe lines and any 
work on gas equipment which is already in service, and this should 
be closely followed. Badly laid out pipe lines always result in con- 
siderable drops in pressure. 

It should also be borne in mind that copper must not be used for 
acetylene mains since this forms an explosive compound with acety- 
lene. Copper pipe or drawn steel pipe may be used for oxygen lines. 
The latter may be made with a smdler wall thickness and are cheaper 
in initial cost, although they have not the same length of life as copper 
tubes. 

The mains are distinguished by painting them, and acetylene is 
♦ Similar regulations may ht obtained from tshe British Acetylene Association, 
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painted yellow, with white, and oxygen blue with yellow rings. For 
other gases see Standard 2403, 

Goggles are the most important protective equipment for the 
welder. For fusion-gas welding they should protect him against heat 
and dazzling light rays.* There are goggles in which the glass is 
blue or red or green or yellow or grey, but the yellow-green variety 
has proved the most satisfactory. The most important thing, how- 
ever, is the chemical composition of the glass. Goggles of the spec- 
tacle variety are frequently preferred because they need not be taken 
off during interruptions in welding. Just as frequently, however, 
they are objected to. In any case, goggles should not be made of 
heat-conducting material, where they touch the skin on the face. 

When large quantities of heat are to be dealt with, it is necessary 
to have asbestos gloves, asbestos masks with sight glasses and asbestos 
aprons in order to protect the welder and these should also protect 
him against flying sparks. 

Respirators which cover the nose and mouth provide protection 
against the breathing of poisonous gases and vapours which are set 
up in the welding of zinc, lead, bronze and brass. In such cases, 
however, it is also necessary to provide a suitable suction fan, on 
the welding bench. 

If it is always possible to bring articles which have to be welded 
in large quantities to one place, it is advisable to equip a specially 
closed-in building as a welding workshop. The building should be ^ 
as tall as possible, airy and light, but kept free from sun in order to 
protect the eyes. The welding benches should be so arranged that 
the welder can sit on a stool and have his welding work comfortably 
before him. It is preferable to provide equipment above the welding 
benches to take away gases and vapours. A fitting on which the 
torch may be hung and a water container for cooling the torch 
should be provided on the bench. All pipes should be brought to 
the welding bench from above. The welding workshop should have 
sufficient room to allow large articles which cannot be put on the 
welding bench to be set up, and these should be set up on blocks 
80 that the welder need not bend over or kneel down in order to 
carry out his work. 

♦ Kantner ‘ Goggles for welding work Autogene Metallbearbmfong, Vol. iz 
(1929), p* 153- 
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(b) ARC WELDING 
The Arc 

Whilst the flame which is produced by the combustion of a gas 
with oxygen serves as a source of heat in fusion-gas welding to melt 
the parts of the article and the welding rod, in arc welding this source 
of heat is the electric arc. The term “ arc has been taken from 
illuminating technology, where the purpose of the arc was to 
provide illumination, whilst the generation of heat was regarded as 
an unavoidable complement. In welding with the arc the position 
is reversed. Here the .heat is employed and the illuminating effect 
is a source of trouble which cannot, however, be avoided. 

For welding purposes the arc may be drawn between carbon and 
carbon, carbon and metal, or metal and metal. As will be dis- 
cussed at greater length later, various welding processes may be 
evolved from these arrangements. The arc, which is drawn between , 
metal and metal, is_the one which has attained considerable impor- 
tance in welding technology. In some cases, however, the arc is 
struck between carbon and metal or between two tungsten electrodes. 

In the first two cases, the article, which is to be welded, forms one 
of the electrodes, whilst the other is formed with a carbon rod or 
metal wire which is melted down. 

A flow of current is set up by striking the material with a welding < 
rod or carbon electrode, and this results in the heating of the cathode 
and the ionization of the air space which, according to the electron 
theory, is necessary to maintain the arc. It is also possible to strike 
an arc without contact between the welding rod and the article, but 
a high voltage is , necessary for this, and it can only be achieved in / 
practice with high-frequency currents. 

The Temperature Conditions in the arc have only been meagrely 
investigated. Measurements which may be made with the aid of 
a pyrometer offer great difficulties. Measurements, which are known 
at the present time, differ considerably from one another, and the 
temperatures which are set up during welding with metal electrodes 
have not definitely been determined. The values which have been 
obtained vary between 54^^ F. and 6806° F. (3000° C. and 3800® C.). ^ ^ 
With direct current the Temperature drop from positive to negative 
amounts to about 750^^ F. (400° C.). 

The most brightly illuminated portion of an arc occurs at the 
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end of the electrode. Three zones in the air space should be dis- 
tinguished from pne another. In the middle there is a violet 
illuminated cone surrounded by a darker fringe, and both these are 
surrounded by a bright yellow illuminated misty mass of gas, the 
aureole, in which the small particles of the electrode, which are 
thrown out, burn in the air. The arc also contains in large quanti- 
ties, invisible rays, the so-called ultra-violet and infra-red rays, 
which are extraordinarily dangerous for organic tissue and the eyes, 
so that special protective devices have to be adopted for the parts 
which may be subjected to danger. 

In early days, direct current was exclusively used for arc welding, 
but recently alternating current has been used and this is cheaper, 
although it is more difficult for the welder to maintain the arc. 

A direct current arc develops its maximum heat at the positive 
electrode, since the current has to overcome a greater resistance on 
exit. As a rule, this is employed in welding by attaching the positive 
electrode to the article since it can conduct more heat than the light 
welding rod (negative pole welding). The opposite procedure is 
adopted with thin plates since the position is reversed. In special 
cases, satisfactory welding is only possible when the positive pole 
is connected to the welding rod (positive pole welding). 

In the alternating current arc on an average equal quantities 
of heat are produced at both electrodes, since these change their 
polarity many times per second, and the production of heat is dis- 
tributed equally between cathode and anode. Alternating current 
is, therefore, at a disadvantage in this respect as compared with 
direct current, and this point will be shown more clearly later. 

It has been proved that a higher voltage is necessary to strike 
the arc than to maintain it during welding, the so-called striking 
voltage, whereas conversely the current strength increases. There 
is a definite voltage corresponding to every value of current strength 
in the arc. If the associated relationship between current strength 
and voltage is plotted on a system of co-ordinates with the hori- 
zontal axis (abscissa) as, the current strength and the vertical axis 
(ordinate) as the voltage, a curve is obtained which shows the elec- 
trical character of the arc, and is hence termed The Arc Characteristic^ 
Previously it was only possible to determine satisfactorily the 
characteristic of a pure carbon arc* From experience gained during 
welding, however, it may be safely assumed that characteristics for 
ires between carbon and metal and for pure metallic arcs are similar. 

When a flow of current first takes place th^re is a maximum 
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value of the voltage, the peak value; afterwards there is a gradual 
decrease in the voltage with increasing current. During this period 
there is a regular burning away of the electrode. If the voltage has 
reached a definite critical point, however, it falls rapidly. With a 
slight rise in current, the arc becomes unstable and begins to jump 
about until finally, in a third period, in which the voltage does not 
alter appreciably, it begins to hiss and sizzle, which is an indication 
to the welder that he must reduce his current, since the current 
strength is too high and the arc is overloaded. 

Therefore, welding may only be carried out in the stable zone. 
In welding with a metallic arc, however, the welding voltage auto- 
matically adjusts itself. Depending on the size of the welding wire 
which is used, and the most suitable current strength for it, which 
is adjusted according to how the arc is struck, a voltage of about 
15 to 25 volts is necessary, and in special cases from 45 to 65, whereas 
in welding with an arc from carbon to metal abput 45 to 65 volts 
are required. 

As will be clear from what has been previously stated, it is impor- 
tant in welding technology for the arc to have a so-called drooping 
characteristic, and the supply of current must be adjusted to these 
conditions as will be discussed later. 

It has been further shown in welding with the metallic arc that 
definite currents and voltage strengths invariably give the best 
results in the quality of a welded joint. It has been correctly assumed 
that these are due to the conditions existing in the arc during the 
transfer of the metal. It was, therefore, of considerable scientific 
importance to clear up the way in which this transfer of metal takes 
place. It had first to be established whether the transfer of iron took 
place in large or small drops or as a kind of mist or in the gaseous 
state. For a long time opinions were very vague about this matter. 
One view was always held more generally than any other, namely 
that the transfer took place in drops, and this has been confirmed 
by recent investigations. 

The first proof was afforded by pictures of the welding process 
provided by the oscillograph which made it possible to register on 
a film the variations in voltage and current during welding, as a func- 
tion of the time. Figs. 37-39 show oscillograph records of this kind. 
The upper curve shows the variations in voltage and the lower curve 
the variations in current. It may be clearly seen that at first an 
oscillating voltage, which is practically constant, exists in the arc, 
and that over a period the ate voltage gradually sinks and then 
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suddenly falls almost to zero, resulting in a sort of short circuit which 
is shown by the simultaneous increase in the current. Just as quickly 
the voltage rises again to the welding voltage. The process is re- 
peated in more or less regular periods of time. It could, therefore, 
be assumed that at first a molten, bubbling drop is formed at the 
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end of the electrode which gradually approaches the article, so that 
the distance between them is decreased and the welding voltage 
is diminished. Further, it could be concluded that the drop is then 
transferred to the work, and thereby a short circuit is set up which 
was indicated in the oscillogram. Then the drop suddenly breaks^ 
causing the formation of an air space and the arc is formed once more 
and the process is repeated. 

In this respect, it is interesting to note that the process is delayed 
when covered electrodes are used, as is shown in figs. 38 and 39. 

At the same time, it was not satisfactorily established by means 
of the oscillograph, whether this hypothesis definitely applies. 
The reduction in voltage and the short circuits could equally be due 
to, and could be explained by, other causes, such as the bubbling 
over of the molten bath and the unintentional contact between the 
electrode and the article due to the unsteadiness of the welder’s 
hand. 

A perfectly clear picture of the processes in the arc was first 
obtained when, after great difficulties, success was achieved in 
photographing the arc during the electric processes and registering 
these processes on a cinema film. 

It was due to the success of the investigations of Thun and 
Hilpert that a photographic reproduction of the Welding process 
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was obtained, which satisfied all requirements and gave a perfectly 
clear picture of the process. In addition, it provided a series of 
new discoveries, which have become highly important for the further 
development of welding technology.* sien trade 

Intense illumination of the arc, which previously 
made it impossible to recognize what processes were 
going on within it, was countered by the use of a 
subsidiary source of light, which illuminated the 
welding arc and nullified the aureole and rendered 
the iron vapour invisible. The metal which was 
being transferred was thrown on a bright background 
as a silhouette and stood up clearly on the strips 
of film. By the success in obtaining exposure 
periods of 1/150,000 of a second up to 1200 pictures 
per second, which could be shown at an increased 
exposure speed of 120 times, so that an observation 
period of 2 minutes was given for processes which 
took place within i second, it was possible to follow 
these processes with considerable accuracy. It was 
shown that the transfer of iron actually took place in 
large or small drops which frequently required a 
period of transfer of only i /2000 of a second. 

Fig. 40 shows, in 28 separate pictures, a portion 
of film strip which indicates clearly the transfer of 
two drops. The portion which lies between two 
pictures is the raised portion of the article shown as 
a silhouette. In addition the electrode which is ^ 
sloping from left to right is visible as a silhouette. . 

The dark surface which may be seen to the left of 
this is caused by the guide clips on the film and 
should not be allowed to mislead the reader. 

In pictures i to 7, the arc, which is being blown 
to the right, may be seen. In pictures 8 to ii it ' 

may be seen that a drop has formed on the electrode, ^ 

which bridges the gap between itself and the article. 

In pictures 12 and 11, the drop has parted and in pic- Fig.4o.—Ttansfcro£ 

, , ^ ^ . drops in the arc 

ture 14 the arc has once more begun to form. Pictures 

15 to 19 show the arc once more, pictures 20 to 24 the second transfer 

of a drop, and pictures 25 to 28 the new arc which is formed. 

* The Free Communications of the Technical Committee for Welding Tech- 
nology of the Association of German Engineers (1928), No, 9. 
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In addition, it was established that two types of drops are formed 
which differ fundamentally from one another, namely, the thread- 
shaped form of material transfer and the mushroom-shaped form. 
In the former case, the end of the welding rod shows no thickening. 
Molten material is drawn towards the article being welded and, in 
this instance, capillary forces would appear to play some part. In 
the second case, the end of the welding rod experiences a thickening 
effect. It would appear that this possesses a very high temperature. 
In contrast to the thread form of material transfer, capillary forces 
between the article and the electrode would appear to be of negligible 
importance in this case compared with the surface voltage. The 
thickened portion is transferred in the shape of a mushroom. When 
the article is agitated vigorously the mushroom may approach very 
close to it, without, however, being transferred to it. Only after a 
relatively long period does the transfer take place. Hence two cases 
are to be distinguished. In one case a series of threads is formed, 
and the mushroom is transferred as a wide stream and the material 
transferred, therefore, assumes a threadlike form; in the second 
the mushroom separates from the electrode as a whole, passes to 
the article and remains on it as a spherical-shaped drop, without 
resulting in any junction between the article and the electrode. 

These differing types of transfer are doubtless due to the current 
conditions and the kinds of wire. Photographs which wene taken 
under various conditions indicated how the most favourable are 
to be arrived at. 

By means of simultaneous investigation with the slow-motion 
camera and by comparing oscillograph records with the film, a method 
is, therefore, available, for determining the time ratio between the 
duration of the arc and the duration of the drops, and also for deter- 
mining the number of drops, both depending on the current strength 
and the voltage. By this means it was established that the most 
favourable time ratio and the maximum number of drops was 
attained with a current strength of i8o amperes and a voltage of 
1 8 volts. 

Up to quite recently there had been no explanation of the 
phenomenon why, with normal mild and bare steel wire, molten 
drops of .filler metal always took the path from the negative to the 
positive pole, whereas with high carbon, hard wires and also with 
many alloyed or covered wires, they preferred the path from the 
positive to the negative pole, i.e. in the reverse direction. Since it 
was usual to connect the welding wire to the negative pole and to 
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connect the article, which was more difficult to melt, to the hotter 
positive pole, it was usually assumed that the molten metal was 
always attracted to the article because it was drawn towards it by the 
preponderating surface voltage of the latter. Even more inexplicable 
was the behaviour of high carbon wire. 

With reference to this matter, an explanation has recently been 
put forward from the work done by a German investigator.*^ The 
electron theory teaches us that both poles emit electrons which 
arrive at the opposite poles at high velocity where they convert their 
kinetic energy into heat. The fact that the temperature at the positive 
pole is considerably higher proves that the energy of negative elec- 
trons is considerably higher than the positive; consequently the 
stream of electrons moves in one direction from the negative to the 
positive pole. Hence it may be concluded that the stream of electrons 
bears the drops along with it and leads them to the positive pole. In 
this way also the phenomenon that satisfactory overhead welding 
can only be obtained when the electrode is connected to the negative 
pole, is explained. The stream of electrons conveys the molten 
material upwards, even against gravity. Strelow therefore assumes 
that when welding with alternating current this driving force always 
occurs when the electrode is negative. 

It has been shown, moreover, that certain material compounds 
in or upon the electrode strengthen the electron stream and, 
conversely, other compounds weaken its effect. Iron oxide belongs 
to the former and carbon to the latter. It is well known from the 
arc lamp that carbon always passes from the positive to the negative 
pole. The positive carbon burns almost twice as quickly as the 
negative. The property of carbon monoxide to facilitate the exit 
of electrons from the negative pole has, therefore, led unintentionally 
to the covering of wires so as to add this material, a matter which 
will be discussed later. Up to the present, the advantage that the 
arc was easier to maintain with covered electrodes than with bare 
electrodes was based on the fact that the gas shield from the 
vapourized covering protected the arc. From what has been said, 
a n^w explanation is forthcoming, namely, that the arc is easier to 
strike and more stably maintained by the presence of iron oxides 
and various other materials. 

On the other hand it has been shown by photographs of the arc 
that the drops roll off the electrode and are only ejected with diffi- 

* Dr. Strelow, “ Processes in the Electric Arc and their Iiifluence on Welding 
with bare and covered electrodes Die Ekktroschwmsung (1932), Vol. 5, p. 8i‘, 
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culty when the electrode has a high carbon content and is connected 
to the negative pole. Hence the difficulties of welding with high 
carbon electrodes at the negative pole and their behaviour, as con- 
trasted with electrodes of mild steel, may be thus explained. 

Welding Machines and their Accessories 

The electric current for lighting and power purposes is produced 
from a dynamo and usually conducted to the points of consumption 
by means of a system of mains. Since these mains are usually at a 
voltage of 220, 380 and 440, and since in welding with the arc 
voltages higher than 15 to 25 volts can seldom be used, the current 
for welding purposes cannot be directly taken from the power mains. 
The high mains voltage must, therefore, be reduced to the lower 
welding voltage. 

The simplest means for achieving this end, practised during the 
early days of arc welding, was to couple resistances in the welding 
circuit in order to drop the excess voltage by converting it into heat. 
This method, however, possesses important technical and economic 
disadvantages which will be discussed in detail. In order to reduce 
the mains voltage to the welding voltage, direct current converters 
or single-phase alternating current transformers are employed 
nowadays, depending on whether welding is being done with direct 
current or alternating current. At the same time these converters 
and transformers must be made different from those which are 
used for lighting and power purposes, if they are to be used for weld- 
ing, since the two sets of conditions under which the electric current 
is used differ essentially from one another. 

In ordinary work one is concerned with maintaining a current 
at constant voltage. Fluctuations in current not only affect working 
very considerably, but have a harmful effect on the machine which 
is producing the current and lead to its rapid deterioration. Short 
circuits are especially dangerous, since they may result in an extra- 
ordinarily high increase in the current strength, where a current is 
supplied at a constant voltage. In order to guard against this dan- 
gerous result fuses are put in to power and lighting mainys which 
break thfe current if this rises to a dangerous limit. 

In welding, however, short circuits cannot be avoided, and tljey 
are an essential part of the welding process. Even when the arc is 
struck a short ciriiuit is set up on account of the contact bdtween 
the electrode and the article. Further short circuita occur evei^ time' 
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a drop is transferred from the electrode to the article. Therefore, 
current supplies at constant voltage cannot be used. The first con- 
dition which has therefore to be fulfilled by* a supply of current 
which is to be suitable for welding purposes is that it must be able 
to withstand any short circuit current which may occur. Modern 
welding generators have usually to carry high short-circuit currents. 
At the same time it is necessary to confine the short-circuit current 
within definite limits in order to avoid damaging the machine. In 
other words, in order to prevent the electrode and the article from 
fusing together and solidifying on contact, it is necessary that 
the short circuit current shall he limited to a suitable amount when 
contact occurs between the electrode and the article, as well as when a 
drop is transferred. 

This is only possible when the voltage which is set up at the 
moment when the total arc resistance consists only of the low con- 
tact resistance between the electrode material and the article, falls 
well below the welding voltage. 

On the other hand, a higher voltage is necessary both for striking 
the arc, when the resistance of the air space has to be broken down, 
and also for maintaining the arc. Since it is formed by the ionization 
of the air space, the striking voltage must be higher than the 
welding voltage. 

In most welding generators the striking voltage is equal to the 
open circuit voltage, which is made slightly greater in order to over- 
come the voltage drop in the mains and any resistance in the acces- 
sories. Only in the most modern machines is the Striking voltage 
independent of the open circuit voltage. 

It is not advisable to select too high an open circuit voltage. It 
is better to limit it so that too long an arc cannot be drawn, as with 
an increase in arc length the absorption of atmospheric oxygen and 
nitrogen into the weld increases and the weld is thereby spoiled. 
In no case must the open circuit voltage of the current supply be 
so high that it constitutes a danger to the welder. Since the work 
is connected to earth, the welder may be subjected to the full voltage 
if, by any chance, he touches the electrode. Therefore with direct 
current, the open circuit voltage should not exceed 100 volts^ and 
with alternating current it should not exceed 75 volts. Unneces- 
sarily high open circuit voltages necessitate having large machines 
and make these uneconomkaL 

A second condition for a current supply which is to be suitable 
for weldii^ may therefore be written down; ** The striking ydtige 
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of the current supply must be such that the arc may be easily struck 
but the welding voltage must not exceed practical permissible limits.’* 

From what has been said it is necessary that the arc as well as 
the current supply should have drooping static characteristics, since 
when the arc is struck the voltage should be higher than the welding 
voltage, and on the other hand when contact is made between the 
electrode and the article, the voltage should be lower than the 
welding voltage. 

This requirement does not exhaust all those which have to be laid 




Fig. 42. — Carbon arc cliaracteristics 
for various arc lengths 


down for a current supply which is to be suitable for welding 
purposes. 

If the welding process is to proceed with regularity, as is neces- 
sary if a clean weld seam is to be obtained, the arc should not be ex- 
tinguished if the distance of the electrode from the article, and hence 
the length of the arc, varies within definite limits. It is impossible 
even for the most skilled welder to guide his electrode so uniformly 
that this state of affairs can always be avoided. The current supply 
must therefore accommodate itself to the . variations in arc length 
and at the same time to the variations iffvoltage and current strength. 
We say that the arc must be elastic. 

The third requirement, therefore, for a current supply which 
is to be suitable for welding is as follows: “ The arc should be so 
elastic that it is not extinguished when its length is varied within 
definite limits.” 

The following remarks will indicate how this condition can be 
fulfilled. , 

Fig. %x shows the diaracteristic of a current supply in its most 
simple form as a straight line which satisfies the teqnimnents that 
the arc eneigy is constant, and this, frcmi a hw of dectncrcinr^ts, 
is equal- to £ X 1. It is eqwd to the product dte vnltt^ 
cment. Th^ yalwt! P* is soriwlled 
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tage. The value is the short-circuit current. During welding one 
works at the point a. From what has previously been said, the 
striking voltage should be greater than the arc voltage during welding. 
The short-circuit voltage on the other hand should be limited. We 
get a high voltage peak, the striking peak, after which the voltage 
falls more or less rapidly, while the current strength increases to 
a definite value as soon as the voltage has reached zero. 

By combining the current characteristic with that of the arc it 
can now be determined whether the current supply guarantees an 
elastic arc. This characteristic varies according to the arc length. 
Fig. 42 shows a series of such characteristics for varying arc lengths. 
The characteristic of the current supply, as shown in fig. 41, has been 



Fig- 43- — Characteristics for a carbon 
arc along with a superposed flat current 
characteristic. 
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Fig. 44 . — Carbon arc characteristics 
along with a superposed steep current 
characteristic. 


drawn on these characteristics in figs. 43 and 44. In the first case, 
providing welding is done at point a on this curve, the current 
characteristic cuts the 6 mm. (©•24 in.) curve of the arc characteristic. 
If, when the electrode is moved, the arc length increases to 8 mm. 
(o'32 in.), the arc curves do not intersect, since the arc can only follow 
the 8 mm. (0-32 in.) characteristic, whereas the welding point must 
always follow the current characteristic. The result is that the arc is 
extinguished. It is inelastic. 

If the current characteristic, however, is steeper, as is shown in 
fig. 44, it is possible when the arc is lengthened or shortened to get 
the welding point of the current characteristic to fall on the 8 mm. 
(0-32 in.) or 4 mm. (o’i6 in.) arc characteristics respectively, since the 
current characteristic cuts these curves. Further, in spite of the 
variation in Arc length the arc is not extinguished and it is elastic. 
Therefore the arc is more elastic the steeper the current charac- 
teristic. 

In practice, the logical step of choosing the current characteristic 
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so steep that it cuts as many arc characteristics as possible cannot 
be taken because experience has shown that the depth of penetration 
is better the flatter the characteristic. If this condition has also to 
be fulfilled, the current characteristic must not be too steep. This 
is also desirable because losses due to spluttering can be kept within 
moderate limits when the characteristic of the current supply is not 
too steep, and on the other hand not too flat. 

If the machine is to give adequate current for various work, the 
choice of the characteristic must be such that a definite compromise 
is made between a steep and flat characteristic. For special work, 
however, the characteristic may be so selected as to suit the purpose 
for which it is required. 

The previous discussion has neglected the fact of whether the 
current supply is direct or alternating. We will therefore add the 
remark that, for both kinds of current, fundamentally similar forms 
for the characteristics of current supplies are obtained. 

Current Supplies , — In arc welding, it has been shown that energy 
requirements with currents of 8o~iooo amperes and welding voltages 
of 18-65 volts are necessary, the current supply having an open 
circuit voltage of approximately 45-100 volts. Modern cross field 
dynamos, in which the open circuit voltage is only 10 to 30, provide 
an exception. As will be shown later, welding voltages of 18-22 are 
the most common (welding with metallic arc and steel electrodes). 
In special cases, welding is carried out with current strengths of 
500-1000 amperes and more, at a voltage of about 65 volts (welding 
with a metallic arc and cast iron electrodes) and with current strengths 
of 150-300 amperes at a voltage of 40-60 volts (welding with carbon 
electrodes). 

Welding from the Mains , — Originally current was taken from the 
direct current mains of power stations and this current supply is one 
which is also used to-day with certain provisions. Since the voltage 
of a main of this kind is considerably higher than the voltage neces- 
sary for welding, resistances have to be coupled in, in order to 
reduce the mains voltage to the welding voltage. In addition, these 
external resistances must be adjustable, since welding will be done 
with various electrode diameters at various current strengths. Either 
wire-wound resistances made of ordinary steel or alloy wire or fluid 
resistances are used. Regulation is achieved in the former case by 
switching in or cutting out individual resistance coils, and in the 
latter case by varying Ae depth of immersion of the plates. If wc 
examine the characteristic of the current supply in fig- 45, we see 
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that the external resistances, besides reducing the mains voltage, 
act so as to give the current source a falling characteristic and provide 
protection against too great an 
increase in the current strength 
during the short circuit. 

The characteristics which 
take the form of a straight line 
are shown on the figure for a 
mains voltage of no volts and 
have been determined for two 
control settings. Curve a shows 
the characteristic with an ex- 
ternal resistance designed to 
give a welding voltage of 20 
volts and a welding current of 
180 amperes. Curve b is for 
20 volts and 100 amperes cur- 
rent. In both cases the short 
circuit current has been limited satisfactorily. In the first case, when 
the voltage is equal to 0 the short circuit current amounts to 220 
amperes, and in the second case 120 amperes. 

The conditions which have to be imposed in order to attain a 
regular welding process are therefore fulfilled if welding is carried 
out by means of external resistances which are called Smoothing 
Resistances, 

On the other hand, external resistances of steel wire have a dis- 
advantage in that, during heating up, their internal resistance varies 
and they have frequently to be adjusted. In this respect wire-wound 
resistances made of alloys are better. Water resistances heat up the 
water to a considerable extent and decompose it with the formation 
of an explosive gas. Moreover, external resistances adversely affect 
the economics of welding to a very high degree. 

To summarize; Welding from the mains with external resistances 
ensures a regular welding process, but it has the following dis^ 
advanta^s: 

1. The external resistances have nearly always to be regulated. 

2. The eflSciency is very low because a large proportion of the 

electrical energy is dissipated. 

The same applies when welding is carried out ;with ordinary constant- 
voltage dyhamos and transformers. 



Fisr- 45* — A characteristic when welding from 
the mains * 


fl, Characteristic for 20-volt welding voltage and 
180-amp. welding current; by characteristic for 
20- volt welding voltage and 1 00-amp. welding 
current. 
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For these reasons welding from the mains has been almost 
entirely dropped, and with few exceptions welding is carried out 
with special machines consisting of direct current converters or 
alternating current transformers. Among the former we find motor 
generators, which have an adequate constant voltage for striking 
the arc, and in which a drooping characteristic can only be attained 
by the provision of external resistances, and converters with gene- 
rators which themselves give a drooping characteristic. 

Welding transformers are also constructed so as to give drooping 
characteristics. 

Generators with Special External Resistances. — The welding 
generator in this case is a compounded machine the voltage of which 
remains sensibly constant at all loads. The open circuit voltage 
usually amounts to 6o or 70 volts, so that there is a sufficiently high 
striking voltage and the arc may easily be struck. External resistances 
in the welding current circuit ensure a suitable drooping charac- 
teristic, keep the welding process uniform and ensure that the short 
circuit current is kept within suitable limits and that the machine 
voltage is simultaneously reduced below the welding voltage. The 
characteristic is similar to that obtained when welding from the 
mains but the efficiency of the machine is very much better as less 
voltage has to be dropped. Several welding points may be coupled 
to a generator of this type if the generator output is selected high 
enough to take care of the energy requirements and the number of 
points. In general, it is sufficient to reckon on a maximum output of 
75 per cent of the total energy requirement for all the welding points, 
as seldom or never will all welding points be working at theicmix: mum 
output. Experience has shown that the actual welding time at one 
point would amount to from 30-50 per cent of the total working time. 

Generators with Drooping Characteristics. — The efficiency of a 
generator is most satisfactory if it supplies welding current with a 
drooping characteristic, since loss of time caused by adjusting the 
external resistances is avoided. 

With generators of this kind it is naturally impossible to connect 
several welding points, since on short circuit the voltage falls to zero, 
and therefore as soon as one occurs, qither intentionally or unin- 
tentionally, it is impossible to weld at the other welding points. It 
is therefore necessary to provide a special welding machine for 
each welding bench. In most cases this is not a dis^vantage but 
an advantage. Firstly, separate welding plants qan be better suited 
to requirements, and secondly, they may be built so as to be portable. 
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Wherever welding is carried out at various places 'the single plant 
is the only one possible. 

Therefore, a single welding generator with a drooping charac- 
teristic — that is a machine in which any undesirable increase in current 
is accompanied by a corresponding reduction in voltage, and hence 
one in which these quantities are automatically maintained within 
the limits necessary for welding — is the one which has developed 
most rapidly, especially in Germany. 

In order to achieve this end various methods are possible. A 
very common one is to fit opposing windings on the magnets of the 
generator; another is to utilize armature reaction; a third, which 
had made great headway in recent years, is to take the welding current 
from a strengthened cross field set up by armature reaction and 
obtained by special methods. 

The way the above methods, which are used for obtaining 
a drooping characteristic, work is as follows: 

Generators with opposing Compound Windings . — These are shunt 
wound machines. If a second winding (a compound winding) is 
put on the poles in the opposite direction to the shunt winding, the 
former weakens the magnetic field and in certain circumstances 
completely neutralizes it. Moreover, if the second winding is con- 
nected to the external current circuit of the machine to form a series 
winding, the desired effect is obtained. The magnetic field is 
weakened and the voltage thereby reduced, every time the current 
increases. 

A shunt winding, which is excited by the machine itself, loses 
its magnetism almost entirely when the armature current is short 
circuited, since the voltage then falls to zero and consequently self 
excitation is virtually reduced to zero. After a short circuit, there- 
fore, the voltage only rises slowly, and a certain amount of time 
elapses before the necessary striking voltage is available for striking 
the arc again. For this reason, with welding generators of this type, 
a separately excited magnetic winding is generally used in place of 
a self-excited shunt winding, since the former retains its magnetism 
during a short circuit and when this is finished supplies the arma- 
ture again with voltage. 

Generators with Armature Reaction . — The effect of armature 
reaction depends on the fact that when an armature cotpisting of 
an item core with a wire winding is rotated so as to produce a current 
in the winding 6f the armature, a second magnetic field is formed 
in of the clectri) magnets, which weakens and ($stoit8 
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the main field to a greater or less extent. The main field is weakened 
by one which opposes it, and distortion is set up by a field perpen- 
dicular to the main field. The combination of both of these fields 
forms the armature field. By suitably proportioning the opposing 
and cross windings and the magnetic properties of the arma- 
ture itself, the armature reaction on the main field can be designed, 
so that when a definite current is exceeded the armature field acts 
as a throttle, and the voltage finally falls to zero. Because of the 
reduction in voltage, the current cannot rise to any appreciable 
extent. In this w’ay a drooping characteristic is obtained. 

Cross Field Generators .* — These are self-exciting, self-regulating 
direct current dynamos in which the armature field, which is per- 
pendicular to the main field, as has 
been mentioned in all the generators 
which have previously been described, 
itself provides the necessary current 
for wielding without any auxiliary 
means. The main field itself is short 
circuited. This cross field produces a 
second armature field, displaced at 
90° to the direction of rotation, 
and this directly opposes the original 
exciting main field and weakens it. 
According to the external load con- 
ditions, an internal state of equili- 
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Figs. 46 and 47. — Wiring diagram and 
characteristic of a welding generator with 
opposing compound windings and separate 
excitatihn. 


brium between the current strength 
and the corresponding voltage is 
immediately and automatically set 
tip, in such a way that the resultant 
field, that is the main field minus the 
armature reaction of the working 
current, produces a corresponding 
assisting currmt, the cross field of 
which, in its turn, induces the cor- 


- rect woriting voltage. 

In order to control the primary exciting field within the agreed 
limits, so that the generator may be regulated to give the 
desired current, there are various possible methods which will be 
discussed in greater detail later. . 


* Rosenberg, hired Currept " Crou Field Mad^ Q. Springer, 1928,' 
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The following figures show the Wiring Diagrams and Charac- 
teristics of some well-known welding generators. According to 
whether the generator is constructed as a self-excited, automatically- 
excited, or separately-excited machine, there are a large number 
of different designs which depend for their w^orking on opposing com- 
pound windings or armature reaction. On the other hand, cross field 
generators are always self-excited machines. It must not be assumed 
that the selection which has been made of the various types indi- 
cates that other ma- 
chines which have not 
been mentioned here 
are inferior in quality. 

Figs. 46 and 47 
show the wiring dia- 
gram, and below, the 
characteristic of a gen- 
erator having an oppos- 
ing compound winding 
and separate excitation, 
and without further 
comment the generator 
will be clearly under- 
stood from what has 
been previously men- 
tioned. The open cir- 
cuit voltage is fixed by 
means of a control in 

the shunt circuit, and 48 and 49. — wiring diagram and characteristic of a 

, j • j 11’ welding generator with an opposing compound winding, self 

the desired welding and separate excitation. 

current by a controller 

in parallel with the series winding. A choke coil is coupled in to the 
welding current circuit. The characteristics of the machine which 
are shown under the wiring diagram for two regulator settings has a 
fairly flat form. In spite of this, welding may be carried out quite 
satisfactorily with this machine, as the characteristic is otherwise 
quite satisfactory, though not to the same extent as othef welding 
generators. 

Figs. 48 and 49 show the wiring of a generator with opposite 
compound windings, which is both self excited and separately ex- 
cited, and below it is shown the characteristic of the machine. This 
wii^ is known aa( the “iCrdww” wiring. In addition to the 
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opposing compound winding and the independent excitation winding, 
there is a shunt winding which is self-excited. A choke coil is also 
coupled in the welding current circuit. The self-excited winding 
has the effect of making the characteristic fall more steeply within 
the voltage of 15-25 volts, which is necessary for welding, and this 
is shown in the characteristic which has been drawn under the wiring 
diagram. Consequently the current strength remains almost con- 
stant within these limits. Con- 
trol of the characteristic is 
achieved by means of three 
regulators which are coupled 
in the self-excited and sepa- 
rately excited fields of the ex- 
citing machine, and also in the 
shunt winding. The fourth 
winding which is seen in the 
wiring diagram of the weld- 
ing generator is the interpole 
winding, the function of which 
it is to prevent the formation 
of sparks at the commutator. 
In such a case the inter poles 




are arranged perpendicular to 
the main poles so that they 
form a field which opposes 
the armature cross field, which 
causes the formation of sparks, 
and this weakens the cross 
field. 


Figs. 50 and 51. — Wiring diagram and characteristic 
of a welding generator with armature reaction and 
separate excitation. 


Figs. 50 and 51 show the 
wiring diagram and charac- 
teristic of a generator with 


armature reaction and separate excitation. The exciting machine 
is a compound machine having shunt and series windings. 
As before, we notice that the welding generator is provided 
with two windings. ' The upper one, which is shown in thin lines, 
is the shunt winding, and the lower one, which is indicated 


as a thick line, is an inter pole winding. In this machine, however, 
the inter poles are not connected as in the previously described 
machine, so a^ to weaken the armature field, but so as to 
strengthen this field, and hence set up armature reaction whidi has 



FUSION WELDING 


75 


the effect of causing the drooping characteristic, described on p. 72. 
The welding current strength is controlled by means of a regulator 
which is coupled into the shunt circuit of the welding generator. 

The characteristic of the machine, which is maintained within 
practical permissible limits, is shown for two regulator settings 
under the wiring diagram. 

There are modifications to the generators which have been de- 
scribed, but these will not be discussed further. Among these are 
machines with combined self and separate excitation and machines 
with armature reaction, separate ex- 
citation and self excitation. 

In addition, figs. 52 and 53 show 
the wiring diagram and characteristic 
of a generator which works only with 
self excitation and differs entirely from 
all other machines. In order to over- 
come the disadvantage which machines 
of this type have, as we have already 
seen, namely, that the voltage after a 
short circuit only rises again very 
gradually, a so-called damping wind- 
ing has been provided in this machine, 
and this surrounds the pole shoes of 
the main poles. When a short circuit 
occurs, the damping winding sets up 
a high induction current which 
strengthens and maintains the main 
field so that the full voltage is avail- 
able during the time which is necessary for striking the arc. In 
these machines regulation is obtained by means of the shunt wind- 
ing. On account of their simplicity these machines are cheaper 
than separately excited ones. At high current strengths the charac- 
teristic possesses a peculiar shape and the curve is bent back- 
wards. The low open circuit voltage compels the welder to keep a 
short arc. 

Figs. 54 and 55 show the wiring and characteristic of the cross 
field dynamo which has been patented and put on the market by 
Rosenbefg. The main current is short circuited between the bruslhes 
Cj, Cg. The workihg current is taken from the cross field between 
the brushes and Regulation is obtained by turning the 
handwheels, which are provided with steel pads and which are moved 



Figs. 52 and 53. — Wiring diagram and 
characteristic of a welding generator with 
self-excitation. 
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backwards and forwards along a screwed spindle inside the hollow 
pole casings. By this means the poles are more or less filled with 
iron and their magnetic reluctance is adjusted to suit the required 

conditions. If the primary field 
is weakened an equilibrium con- 
dition will be set up, as has been 
previously mentioned, since a cor- 
respondingly reduced working cur- 
rent is generated. 

The characteristics for various 
current strengths which have been 
drawn underneath the wiring dia^ 
gram, show an extraordinarily steep 
slope. In consequence the arc is 
very elastic and permits of very 
smooth welding, although the 
danger exists that too long an arc 
may be drawn. Machines of this 
type should only be handed over 
to experienced welders in whose 
hands they will deliver excellent 
work. It should be mentioned 
further that there are cross field 
dynamos in which' the weakening 
or strengthening of the magnetic 
field is obtained by two opposing 
windings which are fitted on the 
poles, the resistance of which may 
be changed by means of a special 
wiring arrangement. 

It is worth noting that in cross field dynamos the open circuit 
voltage has no effect on the magnitude of the welding current. It 
is also unaffected by the regulator since it only depends on the 
greater or less remnant magnetism in the machine. Consequently 
cross field dynamos have the advantage, which should not be under- 
estimated, of possessing an extremely low open circuit voltage which 
lies between lo and 30 volts. 

iDynamic Characteristics of Generators , — In the previous pages 
welding generators have only been judged on their suitability for 
welding purposes by means of their static characteristics, that 
is, by curves which have been obtained at stable loads under 
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Figs. 54 and 55. — Wiring diagram and 
characteristic of a cross-field welding genera- 
tor, Elin construction. 

Cl Ca, Main current brushes; 

Bi B,, cross-field brushes. 
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steady conditions. It has been shown from practice, however, that 
this method does not provide satisfactory evidence of the suitability 
of a welding machine in every case. Frequently it so happens that 
two machines having the same static characteristic, behave very 
differently during welding. In order to judge a machine, therefore, 
one must also examine its dynamic characteristic, i.e. the curve 
which shows the relationship between voltage, current and time, 
and which shows the 
behaviour of various 
machines subjected to 
rapidly varying loads.* 

These characteristics 
may be obtained by 
means of a measuring 
system having a high 
natural frequency, and 
with the help of oscil- 
lographs which indi- 
cate variations in cur- 
rent and voltage on a 
moving strip of film. 

A self-excited and 
separately excited 
machine have been 
chosen as an example 
of two machines which 
have the same static 
characteristic but 
which behave differ- 
ently during welding. It has already been mentioned that the 
voltage only rises very slowly again after a short circuit with the 
former type, since the magnetic winding , loses its magnetism 
almost completely, while with the latter type the winding 
retains its magnetism and provides the armature with the necessary 
voltage. 

The static characteristic is no guide to this phenomenon, 
whereas the dynamic characteristic shows it very clearly, as may 
be seen from figs. 56 and 57. The slow building up of the voltage 
after a short circuit in the seif-excited machine may be clearly seen, 

♦ Bung, ** Tests with oscillographs for the investigation of the processes in the 
Electdc Welding Arc **, Elektrot^chmk u. Maschinenhmi, Vol. '26 (1928), p, 2. 



Self 

excitation 



Separate 

excitation 


Figs. 56 and 57* — Oscillograms of a self-excited welding 
generator (fig. 56) and a separately excited welding generator 
(fig. 57 ). 
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as well as the rapid return which is achieved by the separately excited 
machine. 

Figs. 58 to 60 show what happens at various positions of the 
regulator with the cro$s field dynamo which has been described. It 

is worth while noting 
the peak current, which 
is set up when a short 
circuit occurs, but which 
is continually reduced, 
the higher the short cir- 
cuit current, and at 200 
amperes is even reduced \ 
below the steady working 
current. In addition, 
the fluctuation of the 
current may be seen 
which persists until the 
peak current reaches the 
steady working current. 

0 7 2 J ^ S S 7s This is due to the oppos- 

FigB. 58-60. — Oscillograms of a cross-field welding generator influences of the 

for various current strengths ® 

main field and the cross 
field. The characteristics also show a rapid rise of voltage after 
the short circuit is finished. 

Welding Transformers , — Alternating current transformers of the 
ordinary type maintain the voltage constant at varying current loads 
just as do ordinary type direct current generators, and consequently 
they are just as unsuitable as the latter for welding purposes. In 
this respect, in order that they should fulfil the requirements which 
must be demanded of them, they have to be specially constructed. 
The aim of giving the transformer a drooping characteristic is 
achieved with the help of magnetic dispersion, provided one does 
not wish to revert to the use of external coils in the welding current 
circuit and thereby drop the voltage and reduce the output. Dis- 
persion is understood to mean that portion of the lines of force 
which is generated in the primary winding and which is not allowed 
to cut the secondary winding. The greater the number of these lines 
of force, the greater is the dispersion in the transforaqier, and hence 
the greater will be the voltage drop and the more suitable will be 
the transformer for welding. ' 

Regulation of the current strength may be obtained by the 
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switching in or out of second- 
ary or primary turns. The 
most important thing is to 
vary the ratio between the 
number of primary and 
secondary turns. It is fre- 
quently more satisfactory to 
restrict regulation to the 
primary windings (Tapping 
Regulation) because here 
the wire is not so thick, and 
it is mechanically a simpler 
matter, and moreover the 
secondary winding often has 
so few turns that the switch- 
ing in or out of one turn is 
too much. 

Fig. 6i shows the layout 



Fi^. 6i and 62. — Wiring diagram and characteristic 
of an alternating-current transformer with dispersion 
control (movable coil). 


of a transformer in which use is made of magnetic dispersion. The 


secondary winding may be pushed 
towards the primary winding by 
means of a handwheel. The 
nearer the windings approach 
one another, the less will be the 
dispersion. The characteristic 
which is shown in fig. 62 for the 
two limit settings of the secondary 
windings gives a satisfactory 
curve. Curve i gives the charac- 
teristic for minimum dispersion 
and Curve 2 the characteristic 



for maximum dispersion. 


Fig. 63 shows the layout of a 
transformer in which regulation 
is also achieved by varying the 
dispersion, but in another ’s^ay, 



namely, by means of so-called 
core dispersion* The primary 
and secondary windings are split. 


Figs. 63 and 64. — Wiring diagram and charac- 
teristic of a welding transformer with a dispersion 
core^ 


The two parts of the primary winding are fixed on one leg of the 


tran^cmner core, and between them is arranged one part of the 
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As a rule, the welding set is driven by means of a motor which 
is built with the generator. Welding sets are very seldom 
belt driven. When work has to be carried out in places where there 
is no power available for driving purposes, the welding generator 
may be^ driven by means of a petrol motor and the plant is, therefore, 
made portable. 

If several welding points are required close to one another, the 
cost of the welding plant may be reduced by assembling a powerful 
motor having several welding generators on one shaft. The advan- 
tage, however, is inconsiderable, unless all the welding points which 
are coupled together are continuously working, as otherwise there 
are high open circuit losses. In addition to this, there is the danger 
that if the motor is damaged, not only one, but several welding 
points will be put out of commission. An arrangement of this type 
can only be used for mass production work in which welding is 
carried on continuously. Even in these circumstances it is inad- 
visable, with permanent installations, to couple more than two to 
four generators on one motor. 

Welding Accessories , — In addition to the welding machine or 
other source of current there is in arc welding also, a series of 
auxiliary equipment which belong to the welding plant. We dis- 
cussed some of them when dealing with the wiring diagrams, namely, 
the regulators, which are required for each plant, and also the 
external resistances and choke coils which are required for various 
plants. In addition to these, the following items are always neces- 
sary: measuring instruments, conductors or cables, holder for 
electrodes, and protective equipment. 

As Measuring Instruments^ we use those which are well-known in 
electrical equipment, namely, the voltmeter for voltage measure- 
ments, the ammeter for current measurements and if necessary 
the kilowatt hour meter for determining the current which has been 
consumed, if this is required in order to determine the costs of 
welding as in piecework welding rates. 

Measuring instruments, regulators, external resistances and choke 
coils are usually built into the welding machine, but the first are 
frequently fixed on a switchboard, especially in lai^e permanent 
installatioijs. 

^Holders for electrodes ^ which are called Welding Pliers^ and which 
are used to hold the welding rod or welding carbon, should be light 
and easily handled, so that they do not hinder the welder during his 
work, but allow him to move the electrode with freedomu They must 
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also be safe during working, so that they do not endanger the welder. 
In addition welding pliers must allow the electrode to be changed 
quickly and easily. 

Very simple designs fulfil these requirements, as may be seen 
from figs. 65-67, which show some welding pliers which are in 
common use. In the type 
sho\V^n in fig. 65 the electrode 
is fastened in from the side 
between the spring clips of 
copper or steel which fit 
against one another, so that 
the remaining piece of a 
used electrode falls out. 

As the springs fail after long 
service, the designs shown 
in figs. 66 and 67 are better. 

In these the gripping faces 
are pressed against one 
another by a special spring 
and in order to insert the 
electrode, they are opened 
by means of a lever. In all 
these pliers the connecting piece to the cable carrying the current is 
covered by a wooden insulated handle. 

Light welding pliers such as those which have been described 
are used for electrodes of 14 gauge to 2/0 gauge, such as are used 
in the welding of steel. For heavy cast iron electrodes, thicker and 
heavier holders are necessary. 

The current is usually led from the current supply to both 
the article and to the welding pliers by means of a cable which 
consists of a number of copper wires, which are twisted into a 
conductor, and surrounded by a stout well-wearing insulating 
§heath. The purpose of this is to prevent the conductor, as 
well as the electrode holder, from hindering the welder and^ 
therefore it must be easily moved but, at the same time, protected 
against damage. 

J The cross-section of the cable should be so dimensioned that it 
does not suffer from excessive heating on account of the welding 
current As has been previously inentioned, the heating of the 
conductor depends on the current strength. By means of regulations 
and standards of the Association of German Electrical Engineers, 
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the current strength with which a definite conductor section may be 
loaded has been laid down. The standards for normal current 
strengths are as follows: 


Current Strength 
From 

150-200 amps. 
250-400 „ 

600-800 ,, 


Section 

From 

•077— 1 10 in.* 
•285—370 in.* 
I *360-1 -65 in.* 


However, since the current strength during welding only reaches 
its maximum value for a short time, and for a period the current is 
completely broken, that is, the conductor is not continuously loaded, 
and as moreover the current strength only exceeds the welding 
current by a small amount during a short circuit, the conductor 
section may safely be loaded about 25 per cent higher. For example, 
a section of •054-*077 in.^ is sufficient for a current strength of 
150-200 amperes if the line is not too long. For longer lines account 
must be taken of the voltage drop in the line, and the section must 
be so selected that this falls within permissible limits. The voltage 

2II 

drop may be calculated from the formula ^ = — , 

qx 

where q is the cross-section in in.^, 

I is the current strength in amperes, 

I is the single length of the cable in feet, 
p is the voltage drop in volts, 

X is the conductivity of copper which is equal to 1*1745 


The cable is fixed to the article by means of clamps or screw clips. 

Finally, protective equipment comes in the category of wejding 
accessories, and these should protect the welder against sparks, , 
heat and the uljtra-violet light from the arc, which is extremely 
dangerous for the eyes. This will be discussed in a section on 
“ Accident Prevention 


Fusion Welding Processes 
{a) KINDS OF WELDING 

Fusion welding is a metallurgical process. Even if, in accordance 
with the definition of welding, it is required that the junction zone 
of a welded article with the part joined to it should form as homo- 
geneous a whole as possible, it should not be forgotten that this 
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condition cannot always be fulfilled, especially where the two metals 
which are being joined possess a rolled structure, whereas the weld 
zone has a cast structure, at least in its original condition. 
Moreover, the oxy-acetylene flame produces an effect different in 
many respects from that produced by the arc on the structure 
of the weld seam as well as on the articles being joined. Conse- 
quently the object which we are trying to attain is in some cases 
better achieved by fusion-gas welding and in other cases by arc 
welding. Both processes have their advantages, but at the same 
time their disadvantages, so that sometimes the one is the more 
suitable, sometimes the other. 

The continued attempts to improve and equalize these two pro- 
cesses which are in competition with one another, or to make them 
more suitable for some special purpose, have had the result, especially 
in recent times, of introducing a series of new methods. Processes 
have even been developed in which gas and the arc are used at the 
same time. It is therefore necessary for both the constructor and 
the works engineer to know exactly the peculiarities of the various 
processes, and when he 
knows these, which of the 
two he should use in various 
circumstances. As far as 
quality is concerned, there 
are various welding pro- 
cesses, which, in many re- 
spects, give equally good 
results. In these circum- 
stances economy would be 
the deciding factor, and this 
would differ according to the 
local conditions. We will 
discuss this matter in greater 
detail in a later section. At 
this stage we will go into the 
differences of the various 
kinds of welding more 
closely, and it will be shown what conclusions may be drawn from 
the use of each, depending on the quality of the results obtainable. 

Ftmon-^Gas Welding Process , — In oxy-acetylene welding, it was 
previously the rule to weld in the way which is illustrated in figs. 
68 to 71. Viewed from the position of the welder, the torch was 

<B674) 4 



Figs 68-71. — Forward welding (Ieft«hand welding) 
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moved along from right to left with an oscillating motion, so that 
both edges of the weld were rendered molten to an equal extent. 
The welding rod was simultaneously moved in a straight line in 
front of the flame. In order that the flame shall melt down the root 
of the Vee, it is necessary to provide a fairly wide opening when 
thick plates are being welded. The flame is held more or less in- 
clined, depending on whether thin or thick plates are being welded. 

In this kind of welding, a large portion of the heat is useless for 
the work, since the flame may spread unhindered over the surface 

of the plate, and this has the 
effect of heating the surrounding 
portion of the weld zone in an 
undesirable way and of giving 
rise to stresses or distortions in 
the plate. 

Consequently, a few years 
ago there was a change to weld- 
ing in the opposite direction, 
that is, as viewed from the 
position of the welder, from 
left to right. This kind of weld- 
ing is termed right-hand weld- 
ing ’’ as opposed to the pre- 
vious usual type of “ left-hand 
welding^’. This notation, which 
has obtained a firm footing, is 
an unfortunate one. If the plates 
are arranged, not as^'shown in the 
figure, but so that the weld groove approaches the welder, or when 
vertical or overhead welding is being carried out on plates, we can 
no longer speak of right- or left-hand welding. It would be better to 
term left-hand welding Forward Welding ”, since the torch is moved 
forward in the direction of the flame, and to term right-hand welding 
“ Backward Welding ”, as in this case the position is reversed. This 
notation has, therefore, been selected for the following pages in the 
hope that it will be adopted. 

In: backward welding, the torch and the welding rod may be 
manipulated in the same way as they are in forward welding, figs. 72 to 
75. This kind of welding was suggested by Richter years ago and he 
therefore terms it “ classical right-hand welding Various advan- 
tages result from it, but these are more apparent if the manipulation 



Figs. 72-75. — Backward welding (old “right 
welding) 
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of the torch and welding rod is modified and if, as is shown in figs. 
76 to 79,, the torch is moved in a straight line along the welding 
groove, as is being done more and more. The welding rod, however, 
is oscillated behind the torch in contact with the weld, both touching 
the flame. The flame is held at a rather steep angle and fairly deep 
into the Vee. This may be done because the flame builds up on the 
weld, which has already been made and therefore spreads over the 
upper part of the welding Vee so that there is no need to fear in- 
suflicient fusion. Because of the property of the oxy-acetylene flame, 
a definite distance should, of course, be maintained from the edges. 
In accordance with what has 
been said above the conical 
flame should fill the Vee. A 
cone which is too long may not 
melt down the edges to a suffi- 
cient extent, and this leads to 
loss in gas. The manipulation 
of the torch, which is usual for 
backward welding, has the ad- 
vantage that the groove is ren- 
dered molten right down to the 
bottom, even with the thickest 
plates, and is also well filled so 
that the flame is prevented from 
spreading over the surface of 
the plate to the same extent as 
in forward welding. In addi- k**- 76-79.-B.ckward wdding ^ 

tioh, the groove is melted down 

much better and much more quickly, and the flame is much 
more satisfactorily utilized. Backward welding therefore results 
in savings in time and gas, and is cheaper than forward welding. 
As compared with forward welding, these savings are greater, as 
we shall see later, if an angle of Vee of 60 is selected for backward 
welding for all plate thicknesses. This then makes it possible to 
guide the torch in a straight line, whereas, with forward welding, a 
larger angle of Vee is necessary for thick plates. 

The action of the air is reduced, and the danger of oxidation is 
less, because the molten end of the welding rod can always be Hkept 
in the fluid bath. In addition, slag may be removed more 
easily than with forward welding, because of the movement, 
since this removed must be obtained by the blowing action of the 
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flame. It should further be borne in mind that with backward 
welding, the flame surrounds the weld which has already been made. 
It protects the latter, in its glowing condition, from absorbing oxygen 
and nitrogen out of the air and cooling is retarded. As a rule, there- 
fore, besides being cheaper, backward welding results in a better 
weld. 

At the same time certain provisos must be made. The economic 
advantages of backward welding first appear on thicker plates, of 

in. thickness and upwards. With thin plates the direction of weld- 
ing has a less effect on the workmanship. In backward welding, 
because of the better way in which the flame is employed, thin 
plates are burned through. This was also the reason why the transition 
to this kind of welding was made so late, as the process itself was 
known. In the very early days of fusion gas welding, when the 
oxy-hydrogen flame was used, it was generally employed. It was 
only when people went over to the oxy-acetylene flame, that the 
welding direction was changed, as the welder could not accommo- 
date himself to the hotter flame and in forward welding he found 
a means of weakening the action of the flame. Nevertheless, Dr. 
Wiss had backward welding carried out with acetylene at the be- 
ginning of this century. 

With vertical seams, backward welding causes difficulties. 
The torch must always be held so that the flame is directed above, 
so that the filler material is driven up by the blowing action. 
In forward welding, the welding is done from bottom to top, and 
the filler metal is built up on the seam, whereas in backward welding, 
the process is from top to bottom, so that the filler njaterial must 
be blown by the flame upwards against the weld, as in overhead 
welding. This requires special skill which cannot be expected from 
the average welder. 

Hence, we find that for welding in the horizontal position 
backward welding is more suitable both in respect of quality and 
cost, for plates from about in. upwards; for thin plates, on the 
other hand, forward welding is preferable. For the welding of 
vertical seams, forward welding is more suitable, and for overhead 
welding it is again to be recommended. A good welder should 
mastei^ both kinds of welding, especially since, in the welding of 
constructions, it is frequently necessary to change the direction 
of welding at places which are of difficult access from one side. 

When the two-flame torch, which was mentioned on p* 53, is us^ 
in conjunction with backward welding, additional advantages may 
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be realized. As will be shown later, welding consists of four pro- 
cesses, namely, the preheating of the weld zone, the fusion of the 
weld zone, the preheating of the filler material, and the melting 
down of this. The welded work is improved if, before the welding 
process proper, the base material is preheated by means of a special 
flame. The preheating flame of the two-flame torch fulfils these 
requirements, and in addition diminishes the work of preheating 
by the welding flame, so that the heat from this is wholly available 
for the welding process. Hence a higher welding speed may be 
obtained and in addition the advantage of a narrower seam may 
be, realized, reduced heating of the adjacent parts is achieved and 
a reduction in the resulting stresses is effected. According to Keel * 
multi-flame welding combined with backward welding results in 
an increase of welding speed to the extent of two to three times. 

Another modern process in gas welding which employs a type 
of two-flame torch, but is based on other characteristics, is that 
which has been brought out by Linde Air Products Co., the Linde- 
veld-process.f This differs from the normal gas welding process 
because of (i) a special setting of the flame; (2) the use of a special 
welding wire; (3) a new type of welding technique with a new 
welding torch. 

Welding is carried out by means of a flame adjusted with excess 
acetylene. Because of the metallurgical effect of a flame adjusted in 
this way, the base material, due to the absorption of carbon, is 
melted down with the filler material at a relatively low melting point. 
In addition to this flame setting, welding wire, having suitable metal- 
lurgical properties which correspond to the lower melting carburized 
surface, is used. 

As a rule backward welding is used in this process. By moving 
the torch up and down, it is alternately directed on to the article, 
and then on to the wire so as to fuse them. In this process, only a 
very narrow gap is necessary so that savings in filler material, gas 
and time may be made. By designing the torch as a two-flame torch 
and by adopting other modifications, the welding speed is increased 
still further than that of the previously mentioned two-flame torch, 
and the same advantages are obtained with it as were described 
with the previous type. 

The two flames of the Lindeveld torch do not lie alongside one 
another, but one over the other. The lower flame is the welding 

^ Zeitschrift fUr Sckweisstechfdk (1931), No. a. 

t W< Greene, Journal of the American Welding Society {1931), No. 10, p. 19. 
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flame proper, and the upper serves for preheating and melting the 
wire. By means of a special feeding device the wire is automatically 
advanced. Consequently the welder only requires one hand for 
welding, and may carry out all other movements which may be 
necessary without putting down the torch. In this way the work is 
considerably simplified. 

The process is of considerable importance for pipe welding. 
The special welding torches which have been described may only 
be used with advantage when welding in the horizontal position. 
On the other hand, with vertical welding, an increase in welding 
output may be achieved with another process which is based on 
entirely different principles and one which has chiefly been developed 
in France and Switzerland. It isthe so-called ‘‘Progress Welding”. 

Progress welding is generally only used with plates of more 
than i in. thickness. However, with plates of | to in. thickness, 
good results may be obtained. It is unnecessary to bevel the edges 
which have to be welded. The work is so simple that this kind of 
welding can be generally recommended. The gas consumption 
may be reduced to half the quantity normally required; the weld 
joints are absolutely regular and appear quite satisfactory externally. 
For plates of | in. thickness a torch of 8 - 8 -ys c. ft. per hour should 
be used. The diameter of the welding wire should be 14 gauge, and 
the most economical use of filler material should be made. The 
plates should be tacked at distances of 4 to 6 in., in such a way that 
after cooling the edges are separated by about in. The torch 
tip is then brought up to the edges to be welded so that tlie inner 
cone of flame strikes vertically on the plates. Without making 
any movement of the torch a hole -02 to *025 in. diameter is 
melted witii the point of the cone of flame. The metal runs to the 
lower edge of the hole and forms the first joint between the edges. 
The torch is then guided upwards, making the same circular move- 
ment during the whole time, while the same movement is made 
with the welding wire. Its end must, however, always be* kept at 
the lower edge of the hole. The hourly output of a trained welder 
amounts to 8 to 9*5 ft., when welding | in. thick plates together. 

Even if the quality and the economics of welding may be con- 
siderably improved by the processes previously described, whether 
they are based on special manipulation of the torch or an improve- 
ment in the torch itself, they are not the only .methods which may 
be used. Complete success in this direction may first b^ achieved 
by two processes which affect the arrangement of the whole welding 
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plant. These are the so-called ** Constant Pressure process and 
the so-called “ Equal Pressure ’’ process. Both presume the exis- 
tence of central acetylene and oxygen plants, and hence a factory 
with a large number of welding points. The constant pressure 
process consists of fixing the oxygen pressure for all welding work 
and welding torches at 3 atmospheres (45 Ib./in.^), by means of a 
central oxygen pressure regulator, while the setting of the acetylene 
pressure to 0-3 atmospheres (4-5 Ib./in.^) is also obtained centrally by 
means of an acetylene pressure regulator. If high pressure acetylene 
is available further equipment is unnecessary, but with low pressure 
equipment, compression plant with a speed regulator, in addition 
to the pressure regulator, is necessary. 

The equal pressure process goes still further. It requires the 
same pressure at the welding place for both the oxygen and the 
acetylene. Pressures of 0-5 or 07 atmospheres (7*5-10-5 Ib./in.^) 
are used. The acetylene pressure is fixed either by a pressure 
regulator or a compression plant and for the oxygen a central oxygen 
reducing valve of a special type is used. There are also special equal 
pressure devices both for acetylene and oxygen which are con- 
structed in the form of double membrane valves. 

The chief point which is obtained by means of the constant 
pressure and the equal pressure processes is that the control of the 
gas pressure and the gas quantity is only left to the welder to a very 
slight extent, and is transferred to the control of the foreman. In 
this way, faults in welding, which are due to the wrong adjustment 
of the flame, are effectively avoided. Increased supervision of the 
plant is obtained, and control over the gas consumption is easier. 
If the regulator is connected in just after the oxygen battery, the 
danger of accidents is further reduced because of the reduction in 
pressure of the oxygen. 

Finally, the processes which are based on the use of a gas mixture, 
consisting of acetylene and illuminating gas, with which it is desired 
to reduce the costs of welding by replacing a part of the pure 
acetylene by the cheaper illuminating gas, should be mentioned. 
In no case can the replacement of acetylene by illuminating gas be 
pushed to any high degree, since the quality of the weld is thereby 
considerably impaired. If illuminating gas is added to acetylene for 
the manufacture of mass produced articles and for welds which are 
unimportant, the content should never rise above 30 per cent Even 
though a smaller quantity of oxygen is required in unit, time, the 
preheating and welding time is always increased, since the tern- 
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perature of the mixed gas flame is considerably lower than that of 
pure acetylene, so that the savings from the use of the cheaper 
illuminating gas are lost. In addition one cannot point to a reduc- 
tion in working danger due to the addition of illuminating gas. 
The value of this mixed gas welding process must consequently be 
regarded as still open to dispute. 

Arc Welding Processes . — The arc, which serves as a source of 
heat, may be either struck between carbon and carbon, or carbon 
and metal, or between metal and metal. Hence there are three 
different processes which were suggested and used mol'e than forty 
years ago by Zerener, Benardos and Slavianoff. 

Zerener used two carbon electrodes which were inclined 
diagonally to one another, and which he joined to an electric torch 

with a magnet which he fastened 
to some suspension gear. The 
arc, which was struck between 
the two carbon rods, was blown 
against the article in order to 
melt it, by means of a powerful 
magnetic blow, so as to give a 
point or soldering flame. The 
process was more suitable for 
soldering than for welding, and was more generally used for this 
purpose, for brass casings, pipes, &c. 

In Benardos’s process, the arc is struck between one carbon 
electrode and the article which forms the other electrode, and which 
is, therefore, connected to the second pole of the current supply. 
The article is fused at the point where the arc is formed, and welded 
either with or without the addition of filler material. In the second 
case, the filler material is provided by a metal rod which is fused 
and held in the arc. This process also is used only to a limited 
extent in the welding of steel and for thin flanged plates, which may 
be welded without filler material, or it is used for the welding of 
bronze, cast brass and cast iron. 

The process due to Slavianoff has recently acquired a position 
of importance in welding technology, and to-day is employed 
almost exclusively. Unless it is otherwise mentioned, the following 
remarks are entirely devoted to this process. 

' Slavianoff’s process, which is represented diagrammatically in 
fig. 8o, differs from Benardos’s process in that the carbon electrode 
is replaced by a metal electrode, which as far as possible has the 



Fig. 8o. — Slavianoff’s electric welding process 
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same material properties as the work which forms the other elec- 
trode. The arc is struck between the metal rod and the work, so 
that the latter becomes molten at the weld zone and the metal is 
transferred to the weld zone as filler material in the arc, at the point 
of contact between the work and the molten electrode material. 

In addition, in arc welding, depending on what kind of current 
is employed, we distinguish between Direct Current and Alternating 
Current welding. 

The fusion process takes place in a way which is entirely dif- 
ferent from that in fusion gas welding. Whereas in the latter pro- 
cess, fusion of the material takes place before the filler material is 
added, in arc welding the fusion of the work and the electrode, 
i.e. the addition of filler material, takes place simultaneously. In this 
way, the arc always acts upon only a small portion of the weld seam. 
As soon as it leaves this, the weld solidifies almost immediately, 
whereas in fusion-gas welding the weld metal stays in the red hot 
state for a longer time, and cooling takes place slowly. 

In arc welding, therefore, as compared with fusion-gas welding, 
it is more difficult to obtain good fusion of the base metal and the 
filler metal. Even when satisfactory fusion is obtained, due to the 
rapid cooling, the weld is harder and stronger, but is, however, 
very much less ductile. In addition, the fluid material in the arc is 
surrounded by a blanket of air through which it can easily absorb 
oxygen and nitrogen, which have a harmful effect, whereas in fusion 
gas welding this process is prevented by the reducing action of the 
flame. The absorption of oxygen is especially dangerous, as in this 
way the weld becomes brittle. 

On the other hand, however, arc welding has the extraordinarily 
important advantage that contractions, as well as stresses and dis- 
tortions, set up by overheating occur to a very much less extent 
than with fusion gas welding, especially when the latter is carried 
out as “ forward ” welding. The reason for this lies in the fact that 
the arc only covers a relatively small area, and consequently its heat 
does not affect the area adjacent to the weld to the same extent as 
the gas flame. Further, the welding process takes place much more 
quickly. It will be shown in detail that the greater the welding 
speed, the smaller the stresses which are set up. 

This greater welding speed generally results in greater economies 
with arc welding. 

If it is a question of a choice bet^^een fusion-gas welding and arc 
welding, the following summary may be made. 

4674 ) 4 * 
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Fusion-gas welding is to be preferred in all cases where high 
ductility of the weld seam is required, and also in all cases where 
large bending stresses occur. Arc welding, on the other hand, is 
more suitable in cases where stresses and distortions may give rise 
to danger, which makes the work difficult or impossible. For ex- 
ample, this is so in the welding of large sheets of plate or the welding 
of plates which are overlapped or set at an angle, or in all cases 
where there are fillet seams. 

For metals with high heat conductivity, such as copper and 
aluminium, fusion gas welding is practically the only possible pro- 
cess. 

Just as attempts have been made, by modifying the direction of 
welding, to diminish the undesirable effects of fusion gas welding, 
so processes have been sought, in arc welding, so as to improve the 
properties of the weld seam, when better ductility is desired. This 
has led to the use of covered electrodes, the properties of which will 
be discussed later. The covering is to protect the molten bath and 
tbe material which is being transferred in the arc from absorbing 
nitrogen and oxygen from the air, to cover the fluid Weld zone with 
a layer of slag in order to delay its cooling, and finally to conduct 
heat from the electrode, so that fusion lakes place slowly and the 
melting of the filler material is made easier. It is, in fact, possible 
with covered electrodes to obtain a weld, which in respect of duc- 
tility is not very different from that obtained with fusion-gas welding. 

On the other hand, since the covering of the electrode renders 
the carrying out of the weld difficult because of the formation of 
slag, attempts have been made to obtain a protective gas shield 
directly, by the atomization of a gas which should be" as inert as 
possible. This has led to gas electric processes or arc welding in a 
gas shield. 

Gas Electric Welding Processes , — The atomic hydrogen process 
and the Arcogen process are to be distinguished as processes which 
use a gas supply at the same time as an electric arc. 

The Atomic Hydrogen Process uses hydrogen as a gas shield. 
Two processes have been developed. According to the process of 
Alexander, hydrogen is blown through a nozzle round the arc. At 
the same time welding is carried out with a metal electrode as in 
SlavianofFs process. In this instance, howefver, an atomMng nozzle 
for the hydrogen is fixed on the electrode. The process is otherwise 
similar to welding with covered electrodes. The gas shield protects 
the filler material in the arc from absorbing gases from the air, arid 
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at the same time it covers the weld zone. In this process another 
phenomenon is apparent. 

Due to the high temperature of the electric arc the hydrogen 
molecules are split into atoms at the electrode with the absorptiojti 
of a relatively large quantity of heat. In this way, as in welding 
with covered electrodes, in which heat is necessary to melt the 
coating, the fusing of the filler material is retarded. When the atoms 
of hydrogen meet the work, the atomic form of hydrogen, 2H, reverts 
once more to the molecular form, Hg, and the heat, which has been 
absorbed to split the molecule, is given up. With this process, there- 
fore, the result is that due to the bombardment of the hydrogen 
atoms on the work the heat which is given out heats up the latter, 
which is rendered more quickly molten than in welding without a 
gas. In addition, the cooling of the weld zone is thereby delayed. 
From the technical point of view, the process is similar to the fusion- 
gas welding process. The weld possesses the well known appear- 
ance obtained with fusion gas welding. The intense heat makes 
it further possible to butt weld together plates up to in. thick 
without bevelling the edges. 

It has been shown, however, that the arc behaves differently in 
various gases. Whereas a voltage of 20 volts is sufficient to maintain 
an arc, which has been struck in air, in order to maintain it stable 
in hydrogen, a voltage of about 80 volts is necessary. For this pro- 
cess, therefore, special welding transformers are necessary. 

By means of the process which has also been termed “ Welding 
with Atomic or Dissociated Hydrogen ’’ it was intended that the 
advantages of electric and fusion gas welding should be combined 
to a certain extent, and the disadvantages correspondingly reduced. 
The process, however, is very difficult to carry out. In addition to 
guiding the electrode, the welder must attend to the feed of the 
nozzle and this adversely affects the way in which the electrode may 
be manipulated. Consequently the process has been abandoned 
for hand welding, and has only been developed for machine welding. 

On the other hand, a further process for hand welding with 
atomic hydrogen has been developed according to the process due 
to Langmuir. The process is carried on in such a way that an alter- 
nating current arc is struck between two tungsten electrodes which 
are set at an angle to one another in a holder similar to that used for 
the carbon electrodes iii Zerener’s process (see fig. 8i). Through 
this arc, hydrogen is fed on to the welding zone. The splitting of 
the hydrogen molecules in the arc, and their recombination 
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in the weld zone due to the best of foimBtion being given up, takes 
place just as in the Alexander process, that is, the heat of formation 
is utilized slowly for melting the metal. The only purpose of the 
tungsten electrodes is to maintain the arc, and they take no part 
in the welding process itself. 

Manipulation is identical with that used in oxy-acetylene welding. 
The tungsten electrodes constitute a torch without there being any 
combustion of gas, and the filler rod is held in the gas stream. In this 
process protection is also provided for the molten zone against the 
absorption of gases from the atmosphere and cooling is also delayed. 

By the use of various voltages, arcs of different strengths may 
be produced so that it is possible to adjust the temperature required 
to the amount of atomic hydrogen which is generated, which must 



Fig. 8i. — Welding equipment tor Langmuir’s atomic hydrogen process 


be varied in accordance with the thickness of the articles which are 
to be welded together. 

The process is especially suitable for the joining of thin plates, 
for non-ferrous metals, and certain of their alloys, and also for 
the welding of alloy steels and manganese steel. 

The “ Ar cogen ’’ Process,^ which has recently been discovered and 
developed by the firm I, G. Farbenindustrie A.G., Griesheim, in 
collaboration with the Allgemeine Elektricitats Gesellschaft, is a 
direct combination of fusion-gas welding and arc welding. In his 
right hand, the welder guides an ordinary torch, which is the 
same size as that used in fusion-gas welding, and in his left hand 
holds the welding rod. The welding rod is, at the same time, an 
electrode which is connected to one pole of an alternating current 
supply, ^ in welding in air, and the article is the other pole. The 
welding zone is fused by means of the gas flame, and at the same 
time the arc is struck so that the electrode melts, and the filler 

• Mtinter, ** The combined autogenoiis electric weld prObess * Aroogen ' 

Autogene MetaUbearbeitung, Voi. 23 (1930), pp. 328, 349, 365. 
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material in the arc is transferred to the article under the protection 
of the gas flame. 

A difficulty is now apparent, and that is to maintain the arc. 
With an acetylene flame, we are not dealing with stationary, but 
with rapidly moving gases, in which the arc will be extinguished, 
as it is not in a position to ionize sufficiently the streams of gas 
which are rapidly being renewed. 

By means of a chemical paste which is put on the electrodes, it 
was found possible to raise the electric conductivity of the welding 
flame about a thousand times. The conductivity of the flame is 
improved by the paste to such an extent that, in order to strike the 
arc, it is no longer necessary to touch the article with the electrode as 
is necessary to strike the arc when welding is carried out in air. As 
a rule the arc is struck automatically, as soon as the flame touches 
the end of the electrode. The welding voltage amounts to about 
33 volts, whereas the current strength is only about 58 amperes, so that 
the current consumption is only about half that which is used in 
arc welding in air. However, as the consumption of gas must be 
added to the consumption of current, and as moreover one must 
have a plant for the arc welding, as well as the equipment for fusion 
gas welding, the welding costs of the Arcogen process, per unit of 
time, are about 50 per cent dearer than fusion gas welding and 
correspondingly higher than for arc welding. On account of the 
welding speed, which is twice as great, these increased costs should 
not only be covered, but it should be possible to achieve savings 
of about 33 per cent. 

It should be noted that in the “ Arcogen process alternating 
current has shown itself superior to direct current. Flames have 
the property that when direct current is used a positive flow in 
the reverse direction is set up, which disturbs the equilibrium and 
stability of the arc. This is due to the unipolar character of the 
flame, which assists flow of positive electricity but retards that of 
negative. With alternating current, however, there is no polarity, 
and consequently no opposing action between twp directions of 
flow. 

These remarks will serve to show that the “ Arcogen process 
ought to combine the advantages of fusion- gas welding and arc weld- 
ing, in so far as good fusion of the article, before the addition of the 
filler material, should ensure the protection of the weld zone against 
the absorption of gases from the air, and should ensure its slow 
codling. It is questionable to what extent it is possible* to avoid 
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stresses. In this respect it has been shown that the ‘‘ Arcogen ” process 
occupies a position between the other two processes. This is under- 
standable since we have the effect of a double flame, but at the same 
time double the speed is obtained, and in addition the weld Vee 
may be kept very narrow. Even for thick plates it is unnecessary 
to machine out the groove to the Vee or X form. 

The “ Arcogen ’’ process is suitable for the welding of steel for 
plate thicknesses of in. upw^ards, and in addition for copper and 
aluminium. It is unsuitable for materials which are sensitive to 
overheating such as thin plates; it is also unsuitable for vertical and 
overhead welding and for fillet seams. 

As far as manipulation is concerned, welding with polyphase 
current is similar to the “ Arcogen ” process. Once again it is a purely 
electrical process, but it is discussed here in connexion with what has 
previously been stated. In the same way as the welder guides the 
torch in the ‘‘ Arcogen ” process, so with polyphase current he guides 
a covered electrode in his right hand with which he carries out the 
welding movements proper, and in his left hand he once more 
manipulates a bare electrode. The fear may be expressed that 
guiding and observing two electrodes can hardly be done with 
success, since working with one electrode is difficult enough. As 
a matter of fact, the welder only needs to observe carefully the main 
electrode. The bare electrode behaves in this case exactly as in 
“ Arcogen ’’ welding, in which it strikes without more ado, as soon as 
it reaches the gas shield which emanates from the covered electrode. 
In addition, the transfer of drops from it is protected by the gas 
shield so the question of maintaining an exact distance^ from the 
article does not arise. In consequence an advance similar to that 
which can be achieved by the Arcogen ’’ process may be achieved 
with welding with polyphase current. The tests with a new poly- 
phase current transformer have not gone far enough to enable a 
definite attitude to be adopted towards it. 

(b) PREPARATION FOR WELDING 

The careful setting up of the work, taking due account of the 
stresses vl^hich are to be expected, and a well chosen arrangement 
of the welds in the construction, are of considerabfe importance for 
the success of welding. The types of construction which have proved 
suitable when riveting has been employed cannot be adopted as 
was frequently and mistakenly done originally, but they must con- 
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form to the requirements of welding. There are a large number of 
occasions when the preparation for fusion-gas welding and arc weld- 
ing is similar; in other cases different methods must be adcpted. 
Therefore, when discussing both kinds of welding at the same time, 
it is as well to bear in mind the requirements of both. In general 
the following remarks relate to the welding of steel, but at the same 
time they also hold for the welding of non-ferrous metals, in so 
far as special precautions, which will be discussed separately in the 
following sections, have not to be taken. The welding of cast iron 
occupies a special position as far as preparation and workmanship 
are concerned. 

The first preparation for welding which should be obvious, but 
to which insufficient attention is frequently given, thereby giving 
rise to imperfections, is to clean the metallic surfaces which have 
to be welded. Rust, oil, paint, and dirt give rise to the formation 
of slag and bad joints. Consequently, the welding rod should also 
be clean and free from rust. 

After this, it is generally necessary to prepare the articles further 
by flanging, bevelling or Veeing. 

We have to distinguish between 

Butt welding for the welding of plates in the horizontal or slightly 
inclined position; 

Fillet welding for the welding of plates which are inclined at a 
large angle to one another or lapped or joined together by 
means of cover straps; 

Building-up welding, which serves the purpose of restoring to 
their original condition parts which have been worn away 
during service, or of covering new or worn parts with a 
hard wearing surface (Hard Welding). 

Apart from the cleaning of the welding surfaces, it is unnecessary 
in fillet and building-up welding, to make any further preparation 
before putting down the weld run. In butt welding, however, the 
articles must usually be so prepared that a Weld Groove is formed, 
which is to be filled with filler material. This may only be omitted 
with plates from to | in. thick, which are butted against one 
another, as is shown in fig. 84, and in such cases it is advisable to 
choose the distance of the plates from one another as in. for in, 
thick plates, and in, for | in. thick plates. With plates of these 
thicknesses, it is an advantage to lay a backing plate underneath the 
weld to conduct the heat away, otherwise it is easy to bum holes in it. 
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Thinner plates are flanged or folded according to figs. 82 and 83. 
The flange or the fold is melted down between the plates by 
means of the flame or the carbon arc and provides the filler material 
for the groove. 

With plates of in. thickness and up- 
wards it is necessary to prepare a wider 
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Figs. 82-86. — ^The preparation 
of various thicknesses of plate for 
welding. 



Fig. 87. — Microscopic photograph of an X weld 


welding groove by bevelling the plates, so as to make it possible 
to weld through right to the under-edge of the plate. When 
fractures are being welded, a weld groove of this kind must be made 
by cutting out the faulty piece down to the base. This groove may 
be made either Vee-shaped by bevelling the plate up one side, as is 
shown in fig. 85, or by bevelling both sides and making it X-shaped, 
as is shown in fig. 86. Previously the Vee-shape was used for plates 
up to I in. thick; for thicker plates the X-shape was used, bearing 
in mind that the weld zone has a cast structure, and therefore it is 
desirable to limit its volume as far as possible. The X-seam has, 
however, an important disadvantage unless welding can be done simul- 
taneously from both sides. For reasons which will be advanced later, 
this is preferably done with copper, but is seldom done with steel. 
While the first side is being welded, the filler material usually drops 
through the root of the groove and solidifies into hard drops. These 
drops which are covered with an oxide skin block up the section of the 
groove on the other side, and are difficult to melt down during the weld- 
ing of the second side. With this arrangement, therefore, attention 
must be paid to avoiding the formation of oxide inclusions and hollow 
/Spots in the root as occur with the welding which is illustrated in 
the etched photograph in fig. 87. 

Nowadays narrower angles are preferred where possible, and 
Vee-shaped grooves are employed for plate thicknesses up to f in. 
Beyond this one has usually to go to the X-shape, 
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When broken parts are being repaired, a suitable groove of 
V- or X-shape is made by cutting out the fractured portion. 

With arc welding or gas backward welding, a bevel of the plate 
of 30° is sufficient for plates up to f in. thick, so that the weld angle 
amounts to 60°. For greater thicknesses, a large angle is chosen, 
according to the plate size, so that for a f in. thick plate, an angle 
of 75° is obtained. With X-shaped welds starting at f in. plate 
thickness an angle of 60° is used. For gas forward welding, larger 
angles are invariably necessary in order that the effect of the flame 
shall penetrate into the root of the groove. 

It is usually recommended that the bevel on the plate should not 
extend over the whole thickness of the plate, but that it should be 
left unbevelled at the root of the groove for ^ the plate thickness, 
as is shown in figs. 85 and 86. This is to prevent the accumulation 
of heat at the sharp edges of the plate from causing the plate material 
to overheat and burn. Experience has taught that with this arrange- 
ment, the groove at this point is difficult to fuse, especially with 
thick plates, and consequently insufficient penetration is obtained. 
The welder finds it much easier to avoid the former mistake than 
the latter. Consequently, it is often better to dispense with this 
arrangement of the groove and to bevel the plates for the full thick- 
ness. In any case, with gas backward welding, it is advisable to 
extend the bevel for f of the plate thickness, since the depth to 
which the flame acts is greater. 

In all cases, the distance apart of the plates should be to | in. 
for both the V- and X-shape of groove. 

When the welds are being arranged in 
the construction^ it will not always be 
possible to make an angle of V having 
the dimensions given above. If a choice 

between various constructions is possible, pigs. ss and 89.— Right and wrong 
it should always be borne in mind that p^^p^^tion for comer seama on con. 

too narrow an angle endangers the 

quality of the design, and it is better so to arrange the weld seam 
tiiat the groove permits of good fusion. As an example, if a coruer 
weld is being made, the type shown in fig. 88 will be chosen and 
not that shown in fig. 89, which has too narrow an opening. 

At the beginning of the design of the construction, the designer 
must pay attention to making the weld accessible. It must be so 
situated that the flame or the arc can penetrate into the groove, and 
further, that the welder can work in the most comfortable position 
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possible, since only then is it possible to carry out careful work. 
Welds, which have to be made overhead, are to be avoided as far as 
possible, since in this position a quality comparable with that 
obtainable with horizontal seams can never be realized. Vertically 
welded seams are also unsatisfactory from the point of view of 
quality, but they can seldom be avoided in welding on site, and 
also when welding unwieldy members in the workshop. A 
clever designer, however, can do a great deal to improve the 
quality of the weld. 

Apart from the points which have been mentioned, there are 
two more which are very important in the arrangement of welds in 
the construction, viz. the recognition of stresses set up during ser- 
vice, and* the avoidance of stresses due to the heating of the article 
during welding, and the distortions which are experienced 
during cooling. 

As far as possible, the weld should be so positioned that only 
tensile and compressive stresses are set up. A soundly made weld will 
always stand up to stresses of this kind. The weld seam is more 
sensitive to shear, but in many instances this arrangement cannot 
be avoided. On the other hand, care should be taken never to subject 
the weld to bending stresses. It must always be borne in mind that 
the weld seam has a cast structure which does not possess the same 
ductility as the base metal. 

For this reason, it is definitely bad to select corner joints, 
as shown in fig, 88 or 89, for vessels which are subjected to 
pressure, because they will be stressed in bending when the walls 
of the container swell out during service and then 
return to their original position. The only correct 
type is according to fig. 90, in which the weld seam 
is stressed in tension. Equally bad is the arrange- 
ment shown in fig. 93 for junction welds between 
rangem^t of^ a flanges and pipes. Two mistakes have been made in 
pr^sur^tSaeL ^ ^his case. The weld groove is too narrow, and is in 
addition stressed in bending. The first mistake may 
be got over by the arrangement shown in fig. 92, but the best 
arrangement is that shown in figs. 91 and 94, where the seams 
are stressed in tension. 

It is equally bad tk) use a V- or X-shaped bevel for an angle 
joint, as shown in figs. 95 and 96. It is impossible with this arrange- 
ment to get as safe a joint as that shown in fig. 97, which is the only 



correct one. 
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It is of the greatest importance to take into account the Heating 
Ejfect of the Welding Flame and the Arc on the material surrounding 
the weld, and this should be done in the preparation of the plates 
for welding and in positioning them in the construction. This is 
very important, as was 
mentioned when dis- 
cussing various pro- 
cesses, and especially 
so with fusion gas 
forward welding, since 
the effect of the flame 
is spread over a larger 
portion of the plate 
near the weld zone. 

At the same time, 
even with fusion gas 
backward welding and 
arc welding, precau- 
tions are necessary. 

Due to the heating, the plates expand. If they are laid together 
with an equal gap along their whole length they will tend to overlap 
one another in the way which is indicated in fig. 98. It is then im- 
possible to continue the welding. This overlapping will be increased, 
depending on the magnitude of the heating effect on the surrounding 
plate, and decreased if it is possible for the plates to expand in the 
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Figs. 95-97. — Right and wrong types of welded oints on angle joints 






Figs. 91-94. — Welded joints for pipe flanges 


opposite direction. This is always so with large sheets of plate. 
Hence care must be taken, during preparation for welding, that 
the plates cannot overlap one another. In arc welding, it is sufficient 
to tack the plates before welding in the way shown in fig. 99. The 
tadcs, which should be pitched at 6 in., should be small, so that they 
are completely melted down when the welding is carried out, as 
otherwise they may give rise to faulty spots. The tacks are first 
made at two ends of the seam and then two tacks are put in the 
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middle and so on, until the required pitch of the tacks is obtained. 
If one tries to make them in a row, starting at one end, it will be 
found that the tacks which have been made, will crack due to the 
elongation caused by the heating of the plate, which will set up a 
bending moment. 

Since the plates are prevented from expanding during welding, 
stresses are set up along the seam, but these can be kept so small, 
in arc welding, that they do not give rise to bulges and contractions. 
This is done by adopting a suitable order of welding (step-by-step 
welding), which will be discussed in greater detail in the following 
pages. Conditions are more difficult with gas welding. The heating 
is considerably greater and it requires different precautionary 

measures, especially with thin plates. 
When one tack has been made, the 
stresses, which have been set up during 
welding will undoubtedly cause the 
plate to buckle. The plates are there- 
fore laid together in such a way that 
the gap increases in the direction of 
welding, as may be seen from figs. 
100 and loi. A suitable dimen$ion 
for the distance between the plates 
is in. per foot weld run, when 
forward gas welding is employed 
and thin plates are used. When 
gas backward welding is employed 
and thicker plates are used, the increase in width ofi gap may 
be kept smaller. In spite of this, in order that the plates 
should not overlap one another, their position is maintained 
by means of a wedge, as shown in fig. loi, or by means of 
two crossed steel bars. At the same time, this method makes it 
possible to maintain the vertical position of the plates on both sides. 
Depending on the speed at which welding proceeds, and the extent 
to which the plates are drawn together during heating, the wedge 
or bar is gradually pushed forward. In this way, tensile forces are 
set up due to the tendency of the plates to contract, and compres- 
sion forces due to the resistance to this contraction, provided by 
the wedge. The tensile and compressive stresses must balance; if 
a seam which is free from stress is to be obtained. The welder 
himself will best learn, from experience, how large a wedge angle 
to choose and at what distance he should keep the wedge from 
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Figs. 98-101. — Precautions against 
temperature elongations when welding 
plates. 
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the welding flame, in order to complete a weld without buckling. 

On cooling, the weld definitely tries to contract because the 
solidifying process is bound up with a reduction in volume. More- 
over, during welding, the edges of the seam have come nearer 
together. Contractions therefore occur, which in turn set up 
stresses, which cause distortions as displacements in the plane 
of the plate. According to Lottmann, these contractions, for V- 
and X-seams with arc welding, amount to about 0-024 
foot run in a direction at right angles to the seam, independent 
of the plate thickness. Stresses and distortions will follow con- 
tractions to an extent which is greater the less the construction 
allows the parts, which are being welded together, to expand in a 
direction parallel to the weld seam. As far as possible, therefore, 
rigid parts should be avoided during the design of the construc- 



freC][Uently necessary in the Figs. 102 and 103. — Welding of patches on to plates 

repair of containers and 

boilers, due to rusting or cracks, it is most satisfactory to 
put these on so that they stop short at the edges of the article 
on one or two sides, and in this way the patches may freely 
expand and contract in this direction during the welding and 
cooling of the weld. When the weld is being made, that side 
of the patch which is parallel to the free edge is first welded, 
and only after cooling will the welding of the other be carried out, 
in the direction indicated by the arrow in fig. 103, With fractures 
at rivet holes, the rivets should always be taken out for such a dis- 
tance that the plate can freely expand during welding. There are 
other precautions to be taken to nullify the effect of contraction 
during the cooling of the weld seam. For example, if the patches, 
which have been mentioned above, have to be put on so that they 
have to be welded from all sides, it is helpful to choose them somewhat 
larger than the space to be filled and to dish them before welding. 
Due to contraction, they distort into the plane of the plate, if the 
dimensions have been chosen correctly, and experience soon enables 
tihis to be done. The order in which the seams are welded is selected 
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in accordance with that given in fig. 102. The corners of the patches 
should not be sharp but rounded off as far as possible. 

Because of the arrangement of the weld seams in the construc- 
tion, it will not always be possible to limit to a minimum the diffi- 
culties which occur due to distortions and contractions, to such an 
extent as to render them unimportant. In such cases, a weld process 
should be chosen in which the heating is as small as possible. It is 
scarcely possible, therefore, with lapped plates and cover straps to 
make a good weld with a gas flame. In fillet welding, the arc weld- 
ing process will invariably be preferred. The most suitable type, 
for gas welding, is butt welding with the plates in the horizontal 
position. 

For example, under the influence of the flame the thin plates 
which have to be lap welded will part from one another, as may be 

seen from fig. 104, or if tacked before 

^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ welding will distort out of the plane 
Fig. i04.~Effect of heating during ^j-c Welding, therefore, 

is better for this case, but at the 
same time there are special precautions, which will be discussed 
later, to be observed during welding. Thicker plates may 
perhaps be welded in this way with gas, provided some care is 
taken, but only one edge should be welded and not two, as in 
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Figs. 105 and io6. — ^Welding of straps and lapped plates 


fig. 105, although this arrangement, in itself, would be more satis- 
factory, The contraction, which would be set up in fusion-gas weld- 
ing, when the second seam was welded, would undoubtedly lead 
to too high stresses, and as a rule to fracture of the first seam, since 
the plate is now to be regarded as rigidly held, because of the first 
weld. Arc welding is the only possible process, for the same reason 
as when strapped joints are being made, as shown in fig. 106. In 
this arrangement also, if double lapping is employed, it is better to 
leave the butt joint between the plates unwelded, since the figure 
shows that, during the welding of the fillet seams on the straps, an 
opportunity is given to the plate to move. If this is not observed, 
the butt weld may easily fracture during the welding on of the 
straps, without its being noticed. Strap joints of this type, which 
are frequently recommended as streng^ening straps for the rein- 
forcing of a butt weld can, on the contrary, frequently be termed 
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non-strengthening straps. The simple Butt weld is, as a rule, safer 
than such strapped constructions. 

Setting up the Article , — In conclusion, it is relevant to the pre- 
paration for welding, that one should keep an eye on the most suit- 
able and accessible way of setting up the article. If it is at all possible 
in the welding workshop, large objects should be set up so that they 
are accessible from all sides, without the welder having to adopt 
an uncomfortable position, which he cannot maintain for a long time. 
Small articles are best set up on the welding bench about the height 
of the welder, so that the welder can work sitting on a stool. Whether 
the weld is arranged to be at right angles to the position of the welder 
or in the same direction, depends on the skill and habit of the 
welder. 

During erection, it will not always be possible to arrange the 
seams, which have to be welded, to be comfortable for the welder; 
at the same time a great deal can be done during the design of the 
construction, which will conduce to the elimination of difficult 
positions. 


{c) MAKING THE WELD 

Even if a considerable number of precautions have to be 
taken when preparations are being made for fusion-gas welding, 
which differ from those for arc welding, at the same time, the 
way in which the weld is carried out in both processes differs 
fundamentally. They will be treated separately in the following 
pages. It will be shown that the differences, not only in the guiding 
of the torch and the electrode, but also in the treatment of the base 
metal, are so great that at the outset, one should avoid letting a 
gas welder do arc welding and vice versa, or changing them over 
from time to time. This is frequently regarded as permissible and 
even as advisable. 


Gas Welding 

In gas welding, which will be discussed next, it is of fundamental 
importance that the welding flame should be set correctly. 

The Welding Flame . — The flame is formed by the combustion 
of a combustible gas with oxygen. The combustion should be com- 
plete, since a non-combusted portion of the gas usually has a harmful 
effect on the weld. Excess oxygen which leads to oxidation of the 
weldjnetal, and the formation of slag, is equally dangerous. Conse*^ 
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quently, the combustible gas and oxygen must be present in a 
definite proportion to one another, and therefore must have been 
already mixed in the torch in quantities corresponding to this pro- 
portion. The quantity of oxygen, which is necessary for complete 
combustion, varies with different combustible gases such as acety- 
lene, hydrogen, benzol vapour, &c. With acetylene it amounts to 
five volumes of oxygen to two volumes of acetylene. Since the 
flame, however, takes oxygen from the air for combustion, it has 
proved practicable to provide a mixture of acetylene and oxygen 
in the ratio of i-i*i up to i*2. If the mixing ratio varies during 
welding, due to variations in pressure in the generator, the lines, or 

the oxygen cylinder, or due to 
the heating up of the torch (com- 
pare p. 51), the flame must be 
adjusted forthwith. 

The setting of the flame is 
comparatively simple when ace- 
tylene is used as a combustible 
gas, since excess acetylene as well 
as excess oxygen show this clearly 
by their appearance. 

With a correctly set flame, 
as is shown in fig. 107, a strongly 
illuminated, bright yellow, long 
flaihe is clearly seen at the tip of 
the torch and in front of this a 
rounded cone. Broken edges or a 
sharp appearance of the cone indicate a damaged or dirty torch tip. 
The torch tip must then be changed or cleaned. 

If excess acetylene, which would lead to a carburization of the 
iron, exists in the flame, the cone loses its sharp definition, as is 
shown in fig. 108, and takes on a pale illuminating appearance; the 
acetylene must then be throttled down. On the other hand, with a 
deficiency of acetylene and excess oxygen the flame gives a short 
violet cone, as in fig. 109. 

The qombustion of acetylene takes place in the flame in two 
stages. In the illuminated cone of flame, there is a mixture of almost 
entirely free oxygen and uncombusted acetylene. Immediately 
afterwards, the acetylene (C2H2) suddenly decomposes into its two 
constituents, carbon (C) and hydrogen (H), so that the carboh 
combines with the oxygen (O), which is present in the torch to form 



Fig. 107. — Correct setting 



Fig. 108. — Flame with excess acetylene 



Fig. 109. — Flame with excess oxygen 

Figs. 107-109. — Appearance of the welding 
hame 
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carbon monoxide (CO). This may be represented in a chemical 
formula as follows: 

C2H2 "f" 2O = 2CO -f- H2. 

Due to the speed with which it takes place, this process, which 
may be distinguished in the sharp edge of the illuminating cone, does 
not represent complete combustion of the combustible gas, since 
carbon monoxide and hydrogen are both combustible constituents 
of the flame. These, therefore, draw oxygen from the air for their 
further combustion in the second zone, and this combines in the 
third flame zone with the carbon monoxide to form incombustible 
carbon dioxide and with the hydrogen to form water. Expressed 
in a chemical formula the second combustion process is as follows: 

2CO + Ha + 3O = 2CO2 + H2O. 

It therefore obviously follows that the middle zone, which is 
suitable for welding, is a zone having a reducing effect and in this 
zone the maximum temperature of 5500° F. (3000° C.) is developed 
If the cone of the flame is brought on to the article, the free oxygen 
which is contained in it would lead to the burning of the base metal. 
This is easily observed, because a violent shower of sparks occurs 
in which the sparks, which are thrown out, break up at the end of 
their flight into star-shaped pieces, whereas with a correctly set 
flame, the sparks retain the closed spherical shape. On the other 
hand, if the flame is kept too far away, harmful effects on the welding 
seam are set up, because the water vapour, which is present, splits 
up into its components, hydrogen and oxygen, on account of the 
excessive heat. In addition, it is at this 'point that the harmful effect 
of oxygen and nitrogen from the air occurs. 

It is important that the flame should burn quietly, should not 
be extinguished, and should not strike back in the torch. Hence, 
the exit velocity of the gases must be such as to exceed the ignition 
velocity. If the former is too high, the flame is projected too far. 
If it is too small the flame strikes back in the torch. Hence, the 
pressure drop, which occurs with oxygen cylinders which have been 
emptied too far is very disturbing. In these circumstances, the exit 
velocity of the gases may be suddenly reduced, due to the sudden 
expansion causing freezing, when the oxygen flows out of the 
cylinder valve, or when the oxygen supply is totally or partially cut 
as occurs if the gas hoses, which are lying on the ground are 
trodden on. A further cause of striking back ia that which has already 
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been mentioned, namely, a variation in the pressure conditions due 
to a too intense heating of the mixing chamber, or to choking of the 
torch nozzles or to leaks in these. 

The adjustment of a Hydrogen Flame is much more difficult, 
because the cone of flame, which is coloured blue to bright violet, 
does not stand out very clearly from the flame, and is therefore 
difficult to recognize. Considerable experience is necessary to weld 
safely with this flame, since a point which lies only a few sixteenths 
of an inch in front of the flame tip can be used effectively for welding. 
The only indication that the cone of flame has been brought too 
near the article is a dark point, which appears in the flame, and which 
is caused by the cooling of the metal surface by the uncombusted 
gas mixture present in the cone. 

The Benzol Flame is similar to the acetylene flame, while the 
illuminating gas flame is more like the hydrogen flame. 

Manipulation of the Torch , — When types of welding were being 
discussed, it was previously mentioned that, during forward welding, 
the torch was oscillated and guided along the welding groove, so 
that it impinged on the edges equally, while the welding rod was 
moved in a straight line in front of the flame. On the other hand, 
for the type of backward welding, which is generally used, the torch 
is held in a straight line and the welding rod is moved behind the 
flame with an oscillating motion in the molten bath. At the same 
time, it is not intended to convey that the movement must be made 
exactly as that shown in the illustration, in figs. 68 to 79. Good 
welds cannot be made mechanically and systematically. They 
require consideration, skill, and experience, which can only be 
obtained through practice. The most important thing is that the 
welder should learn to observe and follow exactly the fusion process 
in the weld seam, and should control it so that the article at the 
edges of the weld is nicely fluid, the filler material is fused in with 
it, and a real welding of the two takes place, not an adhesion. In 
addition, the base metal should not be overheated or burned, and 
finally no pockets should be foimed due to gas. In order to learn 
these points, good instruction and practice are necessary. Therefore 
it appears misguided to give definite instructions for guiding the torch. 

It will be seldom possible to travel uniformly in the direction 
of the weld and add filler material evenly. The torch will fre- 
quently have to be moved backwards, especially at the moment 
when filler material has been added, in order to keep the molten 
bath uniformly fluid and to drive out slag. 
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It is a mistake to keep the torch at one place for a long time, since 
in this way the material is overheated, and it is also wrong to let 
the flame move out sideways from the weld seam, since the hot 
weld zone is then free and exposed to the action of oxygen from the 
air. On the other hand, moving the flame away for a short time during 
welding is not so dangerous, although a warning is frequently 
uttered against it. An unskilled welder should avoid it, but an 
experienced welder frequently uses it in order to bring slag, which 
is enclosed in the molten bath, to the surface, or in order to close up 
pores. 

If two plates of different thicknesses are to be butt welded, it 
will be obvious that the flame should be concentrated on the thicker 
plate, in order to keep the edges of the thicker as molten as those of 
the thinner. 

With forward welding, it is preferable, with thick plates, to fill 
up the bottom of the groove first, for a length of about f to in., 
and then to increase the size of the weld by going backwards and 
forwards until the weld groove is completely filled up. In this way 
a sloping surface is formed in the direction of welding from which 
one travels in the direction of the seam, in order to weld it com- 
pletely. It has also proved advantageous to hammer the weld with 
a round-headed hammer as soon as it has been filled to a depth of 
^ in. Special care should be taken when doing this so that the 
hammering takes place at red heat. By means of this treatment, a 
considerable improvement in the quality of the weld is obtained. 

A further improvement in the weld may be realized by suitable 
subsequent treatment. By subsequent annealing the structure is 
refined. Hammering at red heat after welding, on plates which are 
not too thick, will give the same result as hammering during the 
weld process. With thicker plates it is recommended that an inter- 
mediate treatment by hammering during welding, should be made. 

In backward welding, however, the filler material is put down 
in the welding groove until the latter is completely filled, that is 
to say, in one run before proceeding farther with the torch. Hammer- 
ing also helps to improve the quality of the weld, if it is carried 
out at red heat, but as a rule, this cannot be done, as the welding 
process should not be interrupted* Therefore a penetrating effect 
is not obtained, and the improvement in quality is largely restricted 
to the. surface. As a rule, therefore, it is avoided, and wherever 
smooth seams without a weld reinforcement are required, forward 
welding is used. . 
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British' manufacturers against the Indian millowners to retard the 
growth of the cotton industry in which millions of rupees were 
invested. After a great deal of controversy, the Acts of 1881, 1891 
and 1911 were passed. The Factory Acts of 1881 and 1891 did, of 
necessity, bring about some depression to the industry. 

Other Influences. 

The history of the cotton industi;y from 1892 to 1900 is an 
eventful one. 

The high price of raw cotton from 1892 onward seriously 
reduced the profits of the manufacturers and there were no two 
consecutive years in which they were working under normal 
conditions. 

The Indian Industrial Commission (page 73) has truly 
observed : — 

'*The closing of the Indian mints in 1893 to the free coinage 
of silver, together with the industrial development in 
recent years of Japan, which now not only supplies its 
own needs but is a keen competitor with India in the 
China yarn market have to some extent retarded the 
rapidity with which the Bombay yarn industry was 
previously expanding.*^ 

In 1896, the shadow of the famine fell over the industry and the 
outbreak of plague in the Bombay City caused an exodus of the 
inhabitants which for the time almost stopped the working of the 
mills. Since thpn the industry suffered an acute crisis, the culmi- 
nation of which may be seen in the reduction of the output of yarn 
from 514 million lbs. in 1899-00 to 353 million lbs. in 1900-01. 

Mr. O'Concy^s Review of the Trade of India in 1899^00 
describes in detail the causes : — 

‘Thfe truth is many nlills were established in the interests 

of those who financed them, their remuneration being a 
commission on each pound of yarn spun, without 
reference to its sale at a profit. The inducement to 
excessive pnoduction is manifest. A second reascm. .... * 
lay ih fhe exclusive attention ^ven to China... ..v 
market The Agents had no interest fo 
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iion)» Hue to tUe vast atiunBance and relatively dreap supplies. 
This indicated the improved spinning efficiency and a demand for 
finer staples. 

The year 1911-12 which witnessed the fall in the price of raw 
cotton was of bad omen for our spinners. Later on, the fall in the 
price of the raw material synchronised with improved conditions in 
China, and evoked an exceptional demand but almost immediately 
after heavy contracts had been made for shipment, the revolution in 
China created a situation which was only saved by the development 
of an internal demand. The output ,was estimated to be about 
76% of the maximum of which the industry was capable. 

A glance at any statistics showing progress of production and 
export of yarn will clearly show that there is a steady increase. Till 
1905 there was a steady decrease in imports of yam for hand-looms. 
We produced higher counts of yam here. The increase in imported 
yam in 1905 was due to the increasing demand of finer counts and 
decrease of import in long-stapled cotton. The table shows the 
quality of yarn produced. 

They will also show that during the 14 years from 1900, we 
have made a fairly rapid advance in production of grey goods. (In 
1897-8, about 91% of goods were unbleached and grey, and in 
1913-14, only 40% were such — this points to an improving situation) 
in spite of several difficulties, referred to above, like plague, famine, 
the 1905 overproduction crisis, the high price of raw cotton after 
1907, the effects of the excise, and the silver tax, (which we will 
consider shortly). We have already noted the prominent causes of 
depression, vis., overproduction due to the mill agents’ remuneration 
being a commission on each pound of yam produced irrespective as 
to whether the outturn was sold at a profit or otherwise, and the 
exclusive attention to the foreign market. Referring to the system in 
most of the Bombay mills of remunerating agents not on profit but by 
(Xxnmissioh upon outturn, the Cyclopaedia of India writes: — 

*Ttie interaal management demands a radical reform and 
needs to be purged ol dre many corrupt practices 
are a reproadh to dien Simultaneously, the 

burdens and iystem of commisflion m the prodiictic^i 
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replacement by; a fair and reasonable rate of 
remuneration® 

The export of piece-goods was comparatively insigni&cant and 
shows no rise. The imports are steadily rising which points to the 
fact that Indian mills could not supplant Lancashire ones, that the 
coarser quality of goods formed only a part of the demand of the 
population. 

It was thus clear that in order to oust the foreign manufactures, 
the mills had to go on producing finer goods, if necessary, by 
importing long-stapled cotton and by improving their old-fashioned 
methods of dying, bleaching, mercerising, finishing and making 
them up-to-date. 

The foreign demand, e.g., of China, of our goods is always 
precarious and unstable. Therefore in our interest, we ought to 
develop the home-market. The action of the excise duty which leaves 
the yarn untaxed but affects the weaving industry, may have been 
partly responsible for this neglect of developing the home market. 

The Hon’ble Mr. Manmohandas Ramji^® dispelled the belief 
that the development of home-market was impossible in view of 
foreign imports, thus : — 

“The development of the home-market should ever be an 

ideal placed before us. Because the country does not 
manufacture variety of goods at present, it does not 
follow that it will not be able in time to come to manu- 
facture them- The working of the mill industry in this 
country shows how the production of certain goods 
considered impossible before, is now going on apace. 
Similarly, the mills, if afforded proper scope for 
development, will be producing finer varieties of piece- 
goods.” 

The Silver Tex in 1910*11; 

The Chairman of the Bombay Millowners* Association said 
that the silver tax had transferred the yam trade from Bonrf>ay to 
japan. If it be true, it corroborates the anticipation of the Hon*ble 

9 liidiisU, p. 2^ gift a jBrodd msetmi M 
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chosen than for thicker materials. As a rule, it is customary to weld 
with 8-gauge electrodes, and thinner electrodes only are used with 
light plates. For thicker plates, and in building-up welding, elec- 
trodes from 6- to 4-gauge are used to increase the welding speed, 
but, if 'too thick electrodes are chosen, this is always attained at |the 
expense of the quality of the weld, since the depth of penetration is 
then reduced, as will be discussed later. A thickness greater than 
4-gauge, therefore, should not be exceeded, otherwise current 
strengths greater than 200 amperes have then to be used, for which 
normal welding dynamos and transformers are not constructed. 
These are then overloaded and are ultimately damaged. 

For various plate thicknesses, therefore, electrode thickness^ and 
ampere values should be chosen as follows: 


Plate Thickness 

Electrode Diameter 

Current Strength 

iV to J 

in. 

14 G. 

45 to 60 amp 

i to 

>1 

12 G. 

60 to 80 „ 

to ^ 


10 G. 

100 to 120 „ 

fV to I 

over ^ 

>1 

>> 

8 G. 

/ 6 G. 

^ 4 G. 

160 to 180 », 

180 to 220 ,, 

225 »» 


Manipulation of the Electrode . — During the welding process, the 
manipulation of the electrode differs considerably from that of the 
torch, since in arc welding, the fusion of the base material and the 
addition of filler material takes place simultaneously, whereas in 
gas welding, the base material is melted by means of the flame 
before the filler metal is added. 

' Further, it should be noted that the arc should fuse deep down 
into the article: as is said, it should bite into it. A good Depth of 
PenetrcOion is the first necessity for a good welded joint. Since only 
a small portion of the article can be maintained molten by the arc 
in this condition, it so happens that the filler material is always 
transferred from the electrode to this point and not to those sur- 
rounding portions of the article, which are not molten, as it csinnot 
fuse with them, but will only stick to them. As was mentioned in 
the previous discussion on the arc, the cinematc^ph photograFi^ 
of ^ arc tai^ by Hflpert and Thtm have shown t^t tffe filler 
tmtterin} is transferred in ^e arc in drops over the shortest path 
'\fnHp.:^^ve]edrt)de to/the '^1^^8ame-directioh,''aa 

pa98aJg^tp;■^, 't^' 
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article. It may be assumed this is usually impossible if the arc is 
held perpendicularly to the weld surface. Due to the magnetic 
lines of force, which are set up in the article by the discharge of 
current, the arc is disturbed, that is, it is subjected to the effect 
of a “ Blow This must be neutralized by the Manipulation 
of the Electrode, The most varied and contradictory views 
have been broadcast about this process, and consequently it has 
so happened that, even when dealing with the manipulation of the 
electrode, the most varied instruction is given. The experience of 
the Welding Research Laboratory, in which all the electric welders 
belonging to the State Railways have been trained, has yielded the 
following results. 

Information about the “ blow ”, to which the arc is subjected, 
may be obtained in the simplest manner, and the processes may most 



Fig. no. — Illustration of 
the action of the arc 



a, Connexion of positive 
pole 


Fig. in . — The way in which the electrode is held 
during arc welding 


clearly be observed by guiding a long carbon arc over an I joist, 
situated on the welding bench in the manner shown in fig. no. 
The connexion of the work to the positive pole is obtained through 
the welding bench, that is to say, as far as the upper flange is 
concerned, it lies in the middle, at jjoint a. If the, electrode, which 
is held vertical to the surface of the flange, is moved from left to 
right, it will be clearly ,8een that until the middle of the flange, that 
is the connecting jtoint, has be^n reached the arc is “ blovWi ” out 
to (the left without touching the point on the work which lies under 
the electrode. If the electrode is moved further (dotted posi- 
tion), "die arc reverses to the oppqsite direction. Hence the arc is 
always “ blown ” away, in a direction away from the connexioa td 
the woric. By holding the electrode inclined as is showti in fig. lii, 
the arc may be compelled to take the shortest path to the .work and 
to melt exactly the point, which the tmnsferred filleir^ihitei^ 
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touches, before it is disturbed by the “ blow The bend in the 
electrode, which is shown in the figure, is only intended tb facilitate 
the guiding of the electrode by the welder. 

* The magnitude of the effect of the “ blow varies with various 
plate thicknesses and decreases with the distance from the connexion 
to the article. Consequently no definite information can be given 
regarding the amount of inclination of the electrode.,^ 

Further, it has been shown to be advantageous to weld in a 
direction away from the point of contact with the work, so that, 
from what has been previously stated, the electrode should be held 
inclined in the direction shown in fig. in. With this direction of 
welding, the arc is “ blown ’’ over the open weld groove which is thus 
advantageously preheated. One may also weld in the reverse direction, 
i.e. towards the point of contact, but then the electrode must be 
inclined to a corresponding extent, so that the arc is compelled to 
assume a vertical direction. The weld, which has already been made, 
will now be brushed by the arc, and the former acquires a rusty 
brown covering of very minute beads of iron particles which are 
thrown out, and becomes very dirty in appearance. Consequently, 
it is preferable, so to select the current connexion to the work, that 
the welding is directed away from it, and if this cannot be done 
along the whole length of the weld, because of thq type of con* 
struction, it is preferable to move the connexion. With long seams, it 
will be necessary to move the point of connexion now and again. Fre- 
quently the phenomenon occurs that, at a* certain distance from the 
point of connexion, the arc becomes disturbed, flickers to and fro, 
and even goes out. This is probably due to eddy currents which 
are set up in the work. If the welder cannot control this phenomenon 
by successful manipulation of the electrode, the point of connexion 
must be moved nearer or put on the other side, and then the weld 
must be started again from the other end. This phenomenon has 
also been connected with unequal heating of the work. Attempts 
have been made to overcome it by heating the work or by preventing 
the conduction of heat by means of heat insulating ba(i^ing pieces, 
and with thick sections this has proved to be of some advantage. 

As regards the connexion of the article to the current supply, 
it should be noted that the parts which have to be welded should 
both be connected, m equally on welded 

If this 0^^ be obtained by means of a clamps the con^- 
spills t As diO work is coiiiii^Jted to the 

'the : 
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supjrfy, but there are exceptions in which the opposite procedure 
is adopted, and these will be discussed later. 

As far as the manipulation of the electrode is concerned, the 
following points should be borne in mind. The ^rc should be kept 
as short as possible so that the absorption of oxygen and nitrogen 
from the air by the molten filler material, which is transferred in 
the arc, is made as difficult as possible, sincfe the filler material has 
a great affinity for them. The absorption of nitrogen conduces to 
an appreciable extent to brittleness in the weld, and this will be . 
dealt with in greater detail during the discussion on covered elec- 
trodes. 

If a weld groove is to be filled up, as is the case with junction 
welding or in the welding of fractures, it is most suitable to select an 
electrode about to | in. thick, even with thick plates, and to guide 
the arc in a straight line along the groove. In this way, excellent 


/fight Wrong Wrong 



Figs. 112-114. — Right and wrong multi-run welding using the arc 


welding of tifie root of the groove is achieved. An oscillating to-and- 
fro movement, which is frequently recommended in this case, and 
also for fusion gas welding, is unnecessary. This movement is only 
made if the weld run does not fill the groove, and one has to weld 
in several runs. A circular movement of the electrode, as is fre- 
quently recommended, is inadvisable, because the arc passes over 
places which it has already touched; the seam will then be fused 
to some extent and the material burned. 

If the groove is not filled up by one run, as in the welding of thick 
plates, a second is put down and if necessary further runs are added. 
Consequently, a fundamentally different method is adopted from 
thatdn fusion gas welding where the groove is, as a rule, filled up 
for the complete depth. Thicker electrodes are chosen for addition^ 
runs fof various plate thicknesses, as shown on the prcwous page. , 
Before a further run is put down, however, the previous ones must 
always be cleaned thoroughly with a wire brush, so that they are _ 
metallically ’clean and free from spatters. Special care is to be 
observed when covered electives are being; used, since sh^, ' 


can tmly be lemoyed with difiltmlty^ 


inv.ckvities,>ih'''the.'W^d. 
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This slag does not come to the surface of the molten bath when fresh 
runs are put down. It is covered up and forms undesirable inclusions. 

On the other hand, welding in several runs results in the nor- 
malizing of the weld. In the welding of each run the one which 
has been put down first, and which lies below it, is annealed and its 
structure is refined, so that its hardness is diminished. Annealing 
is, therefore, an advantage in multi-run junction welding, especially 
when high quality of the latter is required. 

In addition, in these circumstances it should be noted that if 
more than two runs have to be put down near one another, one 
should always be put down, starting from one edge of the article, 
and only then should the middle run be added, as is shown in fig. 1 12. 
Sharp angles, ^uch as 
may be Seen from 
fig. 1 13, as shown by 
the arrows, are to be 
avoided. These are 
difficult to melt down 
and give rise to 
pockets of slag. Even 
with this arrange- 
ment, a joint between 
the runs, one below 
the other, is not so 
good as in the ar- 
rangement in fig. 1 1 2. 

The arrangement in fig. 114 is bad under any circumstances, since 
the edges of the angle of bevel are unequally heated. 

With skilful guidance of the electrode, a uniform run is obtained, 
just as if drop had been laid on drop. The regularity of the welding 
process is immediately upset as soon as irregularities in the guiding 
of the electrode occur due to unsteadiness of the hand or from 
other causes. If an arc is struck too long, a tendency which the 
beginner frequently has, since a long arc is easier to maintain and 
contact between the article and the electrode is easier to prevent, 
the filler material drops in large drops with vigorous spluttering, 
and this , has the result of preventing adequate depth of penetration 
from t^ing obtained. The drops do not always fall on the molten 
crater^ but on spots of cold metal so that they do not weld. The 
WoI<l has the appearance shown in section in fig. 115, whereas a 
good have a section as shown in fig. 117. The arc 


Electrode moved along too 
quickly, or arc held ho long 

Fig. 1 15 


'•'0 

Electrode moved 
along too slotvig. 

Fig. 116 


Correctly Welded 


Fig. 117 


Welded with too low 
a current 
Fig. 1 18 


Figs. 115-118. — Sections through runs of weld with correct and 
incorrect welding 
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must therefore be kept as short as possible, if good penetration is 
to be obtained. As a general figure, the arc length should be about 
equal in thickness to that of the electrode. 

If the electrode is moved forward too quickly, the same bad 
result is obtained as if the arc is held too long. In this instance the 
arc also does not bite sufficiently into the article. In addition, there 
is the danger that the crater will not be completely filled up by the 
metal which is melted down, and that cavities and inclusions of air, 
which reduce the elongation of the weld on fracture to a considerable 
extent, will occur. If, on the other hand, the arc is moved too slowly 
in the direction of welding, the molten crater will be over-filled with 
filler material. This overflows, and as is shown in section in fig. 1 16, 
it does not combine with the material at the edges since this is not 
sufficiently molten. At the same time, there is the danger that if 
the electrode is moved too slowly the base material will be over- 
heated and burned. Over-filling of the weld crater also occurs 
if welding is carried out with too low a current strength, when the 
depth of penetration is insufficient, as may be seen from the section 
in fig. 1 1 8. 

In general, as far as welding faults are concerned, the same 
remarks as have already been made about fusion-gas welding apply. 
The driving out of the slag is very difficult, and for this purpose 
only the blow ’’ of the arc can be used. Only by practice and by 
correctly holding the electrode can a welder acquire the necessary 
skill. He must, at the same time, distinguish between the correct 
welding temperature from the brightness of the molten iron, and 
that resulting from discoloration caused by the floating ‘'slag. Con- 
sequently, working with covered electrodes, in which a larger 
quantity of slag is formed, is more difficult and requires greater 
experience than welding with bare electrodes. It should be men- 
tioned here, that it is a mistake to supply beginners with covered 
electrodes on the assumption that, by this means, welding will be 
simplified, and that by using covered electrodes one can train new 
welders in k short time to replace those who have left. It is certainly 
easier to maintain the arc with covered electrodes, and it is of less 
importsmce when these ar 6 used whether the arc i§ kept short or 
long, but at the ^ame time there is a greater danger of slag inclusions 
and of junction flaws from them, which can only, be avoided by a .. 
welder who has already acquired experience. f 

Arc welding requires special skill if vertical seaihs or ov^erhead 
seams have to be made, and if it cannot be carried ^ in die 
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zontal plane. At the same time, the difficulty is not so great as with 
fusion-gas welding, because there are smaller quantities of molten 
material, which can be put down in the form of drops, by making 
contact with the article and the electrode from time to time, in such 
a way that they are attracted by the action of surface voltage, in 
accordance with our recent hypothesis. In these circumstances the 
polarity is reversed, that is, the positive pole is attached to the 
electrode. 

In building-up welding, it is good practice to proceed as in 
junction welding. In general, the same remarks which were made 
about building-up welding employing the gas welding process apply. 
Preheating of the article should be carried out if the article is sub- 
jected to continuous stresses or if it has wall thicknesses which are not 
uniform. Interrupted welding, with the article in the cold state so 
as to avoid overheating of the latter and for the purpose of rendering 
heat treatment unnecessary, has not proved sufficient to avoid 
contradtion cracks. 

In order to obtain a surface which is resistant to abrasion, lugh 
carbon or suitable alloyed welding wires are used. In building-up 
welding of this kind, multi-run welding is, however, not an advan- 
tage, as it is in junction welding, but a drawback, since the nor- 
malizing of the lower layer has the result that only the top layer 
possesses the desired hardness, whereas the lower ones have lost 
their hardness. Consequently the resistance to abrasion of the 
article is always increased if wide, thick runs with heavy electrodes 
are put down from the start. 

Finally, when making welds, special attention should be given 
to the avoidance of Stresses and Distortions^ in so far as this is ppssible. 
In this respect, as has already been noticed, arc welding is intrinsi- 
cally superior to gas welding, since the heating of the article lies 
within much smaller limits. At the same time, even this small heat- 
ing effect may be dangerous and lead to considerable stresses. As 
a contrast to gas welding, however, arc welding provides a very 
effective means of keeping the stresses within permissible limits.’*' 
Whereas in gas welding the weld groove must generally be welded 
cdntinuously from one end to the other, in arc welding step welding 
may be done, that is, the wejd may be interrupted before the heating 
and the elongation of the plate becomes too great, and the weld may 
be started at another place. If one wished to employ the same process 

♦ Notes ;Conh^ Stresses and Distortions in Arc Wdid- 
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Figs. ziQ and 120. 
— Step by step 
welding. 


with gas welding, the space where the welding was interrupted 
would be subjected twice to a large heating effect by the flame. In 
this respect, it should be noticed that, always when a weld is started 
in gas welding, as well as when a point is remelted, a large quantity 
of heat and time are required, and hence the 
danger of burning is increased. 

Step welding may be done, for example, in 
the way shown in fig. 119, in which the ends of 
the seam are first tacked and then, starting from 
the middle, both sides are welded. Compres- 
sion and tensile stresses result, which balance 
one another and prevent greater stresses from 
being set up, whereas in continuous welding in 
one direction, tensile stresses alone occur, and 
these may be very large. 

Staggered and interrupted welding, as shown in fig. 120, gives 
better results still. The first run is started at the rest at i, c and d. 
The alternating tensile and compressive stresses which are set up may 
be kept so small by this means that a seam which is almost completely 
free from stress may be made. Distortion of the plate, due to con- 
traction of the molten filler material, may be met by giving a definite 
angle of set to the seam in the two plates, which have to be joined 
before welding. In this way, distortion draws 
the plates together in the same plane. With 
heavy cross sections it is advisable to use the 
X-seam if distortion is feared, and this way, 
the distorting forces on each side equalize one 
another. During the second welding the un- 
favourable phenomena which accompany the 
first are eliminated. 

In gas welding, distortion caused by weld- 
ing, due to elongations set up by the heat, may be frequently avoided 
by heating the point directly opposite to the weld zone. The frame 
which is shown in fig. 121 will serve as an example. During welding, 
because of the elongation, in addition to the contraction during cool- 
ing, a bchding moment will be set up in the upper comer, which 
may result in a fracture. If the point b is so heated that the upper 
side of the frame receives the same elongation as the lower point at 
c, this danger, which is due to weldiOgy will be avoided. 

Wherever welds are situated syinmetrically, the same end may 
be achieved by welding the two simultaneously. 



Fig. 121. — The avoidance 
of distortion when weld- 
ing closed frames. 
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Further methods of guardiijg against stresses are those associated 
with the avoidance of excessive heating, such as welding with inter- 
. ruptions, the procedure being to cease welding as soon as the material 
adjacent to the weld zone exceeds hand heat or by welding with 
cooling water or with cooling metals. 

The examples which have been given do not exhaust all cases. 
They may, however, show how, by consideration of the way in 
which the weld is to be made, the difficulties caused by heat effects 
may often be eliminated, or at least modified. 

Finally, contraction stresses which have been set up may be 
diminished, to some extent, by hammering after welding at red 
heat, by which means the point of contraction is elongated to some 
extent. Hammering, however, is only to be recommended when 
forgeable electrodes are used, and then there is an improvement In 
quality. In no case must hammering be done at blue heat, since 
just the opposite of an improvement will take place, namely, a break- 
ing up of the structure. When ordinary electrodes are used, hammer- 
ing in general does not result in an improvement in quality, nor 
does subsequent annealing. Pores may only be partially sealed. 

The provision and supply of Welding Jigs has led to considerable 
simplifications and savings in workshops, and also in workshops 
where work of the same kind or in large quantities has frequently 
to be carried out. Suitable locating jigs, which make it possible 
to position the parts which are to be welded, quickly and securely, 
without first having to fit them carefully together, may be made 
without difficulty for various types of work. Rollers and turn- 
tables further facilitate the handling of unwieldy members, which 
have frequently to be turned or moved during manufacture if work 
in the vertical or overhead position is to be avoided. 

Attempts to simplify, speed-up, and to improve the work as 
much as possible, as well as to limit the human element, have further 
led to the construction of automatic welding machines. To-day, 
in gas welding, they are primarily intended for longitudinal seams, 
and offer a considerable number of advantages, especially in the 
welding of fiat plates, for example, casings. In addition, there 
are also longitudinal welding machines for special purposes as, for 
example, for the welding of cylindrical vessels such as drums, &c. 
There are other machines for flanged seams, tube Welding, circum- 
ferential seam welding, and for. the welding on of end covers^ &c.^ 

' • ** Recent Types of Autogenous Welding Madiines Techmscfut 

Vol. (i9»9)> P- 



124 


WELDING PROCESSES 


For thicker plates, which can only jvelded when the burner de- 
scribes an oscillating motion during its travel, as in hand welding, 
machines have been built with this to-and-fro motion of the torch. 
As these torches are subjected to heavy loads they are, as a rule, 
water cooled. 

In arc welding also, the construction of Automatic Welding 
Machines has been taken up. In this field, there are types which work 
with the simple metallic arc as well as those which employ the 
carbon arc. The former appeared first on the market. They serve 
the purpose of welding worn tyres and guide blocks. There are also 
machines built for repair work as well as for junction welding. In 
this field we have the mass production of back axle casings, pipes, 
and other similar articles of the same shape. 

With these machines the quality of the product is dependent, 
to a high degree, on the property of the wire. The feed is controlled 
by the conditions obtaining in the arc. If the arc is too long, the 
feed is speeded up by means of a suitable device, and conversely 
if the arc is too short it is speeded down or temporarily stopped. 
Consequently, the wire must have absolutely constant properties. 
Wire which is too soft bends easily and jams. Wire which is too 
hard locks during feeding. In both cases there are faulty spots which 
must be repaired by hand. 

Recently the development of automatic electric welding machines 
has appeared to be more in the direction of the construction of 
machines with a carbon arc, with which very much higher welding 
speeds may be obtained. They are primarily suitable for seams 
which may b^ welded without filler material, as well as for the 
welding of thin plates on mass-production work. Welding machines 
which have such a high output as these are assured of a considerable 
future for various purposes, such as the manufacture of new sections 
for steel construction and bridges provided they are constructed 
with an automatic feed for the wire, since the. rolled sections which 
are available cannot in most cases be economically machined down. 

After having discussed, in the previous pages, the general prin- 
ciples relating to fusion welding, in respect of the various metals^ 
the choice of the process, as well as the preparation and the making 
of the weld, points which should be observed because of the special, 
properties of various metals will be discussed in greater detail in 
the following pages. 
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The Welding of Steel 

The most important alloying constituent of iron is carbon. 
Even small modifications in its content cause a considerable varia- 
tion in its behaviour. Iron, with a carbon content of -05 to 1-7 per 
cent is called steel, iron with a carbon content of about 2 to 5 per 
cent cast iron. During heating, steel goes from the solid then into 
the plastic, and finally into the molten condition. Cast iron, which 
is rich in carbon, passes immediately into the molten state. Low 
carbon steel is soft and easily forged. With increasing carbon con- 
tent, the strength of the steel increases, but it can only be welded 
with difficulty. Consequently, it is absolutely necessary for the welder 
to be acquainted with the behaviour of steel of various carbon 
contents, at high temperatures. These properties are shown in the 
Iron Carbon Diagram (fig. 122) which has been drawn up by the 
Verein deutscher Eisenhuttenleute (The Association of German 
Steel Manufacturers), and they will be briefly discussed. 

In fig. 122 the carbon content or iron carbide is plotted on the 
horizontal axis (abscissa) and the temperature on the vertical axis 
(ordinate). Depending on the composition, the melting-point of 
the iron passes from the point F, 2795° F. (1535° C.), which is the 
freezing-point of chemically pure, iron, to the line F, G, E, H, the 
so-called liquid line, whereas the line F, D, E, K, shows the upper 
limit for solid iron at the change point of solid iron into the plastic 
state. It has been shown that the duration of the plastic state 
decreases with increasing carbon content until at point E with 4*29 
per cent carbon, the change into the plastic state coincides with 
the molten state, that is to say, the iron passes instantaneously 
into the fluid state. 

In addition, the points 2555° F. (1405° C.), A 1660° F. (900° C.), 
1410° F. (768° C.), and 1283° F. (695° C.), at which a change 
in the crystal structure of pure iron takes jplace, on heating, are 
worthy of note. The so-called a modificatioh, which lies between 
768° C. and 695° C., and the y modification between 1405® C. and 
900° C., are especially important. In y iron mixed crystals of pure 
iron (Ferrite) and iron carbide (FcsC) have formed, wheifeas in 
a iron, ferrite and iron carbide may separate out independently, 
inie most important point is- that oidy^ a iron possesses ms^etic 
pfi^p^es, whereas in /3 iron, wh«^ Em between the modi^ationa 
Steady ,mttid<HMNi, ffiema^edsn has disappeared, S is of 
-m pmSdctd. 
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Point D in iig. 122, which separates steel from cast iron, is of 
considerable importance. It indicates the maximum content of 
iron carbide which can be taken up from the mixed crystals in the 
heated state. With higher carbon contents, the residue which has 
been saturated with carbon will always solidify with a content of 
4*3 per cent carbon. 

In addition, for all bodies there is an optimum state of solution, 
provided that they are soluble in one another. When this is reached 
one gets the eutechtic alloy which occurs at the same place on the 
figure as the minimum melting- or freezing-point. In liquid solu- 
tion, at the point E, it is 
termed the Eutectic, in 
solid solution at the point 
C, the Eutectoid. Iron in 
this state is termed eu- 
tectoid. With decreasing 
carbon content there is 
an excess of Ferrite, with 
.increasing carbon content 
an excess of cementite. 
The iron, in the first case, 
is termed the sub-eutec- 
toid, in the latter, the 
super- or hyper-eutectoid. 

For the welding of steel 
the following is important. 
By suitably rapid cooling, or by satisfactory alloying with mafiganese or 
chromium, one may ensure that the heated steel which has gone over 
to the y modification retains its structure after cooling even at room 
temperature, by which ductility and ease of Working are gained. At 
the same time, this condition manifests itself by the inability of the 
steel to be magnetized. Such steels are called Austenitic steels. 
They are easily welded. By reducing the velocity of cooling of a 
steel, which has been heated above the critical point, a new structure 
is obtained called Martensite. This is extraordinarily brittle, and is 
prone to^/racture during welding! Due to the rapid cooling, the 
possibility of the steel decomposing into its original structure of 
Ferrite and PearUte, or Pearlite and Cementite, is partially prevented. 
The structure hi^d a needle-like appearance. 

These processes have acqmrcd considerable 
ing technology, since, as has already been stated 


importaiKje in weld^ 
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manganese, chromium and tungsten, where the nickel and man- 
ganese behave as alloying constituents like carbon, chromium and 
tungsten, greatly assists the translation of the pearlitic steel into 
Martensite and Austenite.* By means of these alloys, the strength 
of the steel is considerably increased on the one hand, and on the 
other, the production of stainless steels is dependent upon them. 
The latter are used almost exclusively in the chemical industry, and 
the former to an increasing extent in the structure of steel framed 
buildings and bridges. The welding engineer is considerably 
interested in the weldability of these steels. There is again the 
requirement that, as far as possible, austenitic steels must be used. 
For martensitic steels as, for example, stainless chromium steel, 
fusion-gas welding is to be preferred since, with this process, cooling 
is delayed. For austenitic steels, electric welding may be satisfac- 
torily used, since the ductility is retaihed on cooling. It should be 
noted, however, that with these steels, hard spots occur during the 
critical range at a critical temperature of 1100 to 1300° F. (600 to 
700° C.). These may be removed by heating to a high temperature, 
and cooling quickly or slowly depending on the alloy. 

The conditions during welding are complicated by the presence 
of other alloying constituents among which must be reckoned 
manganese, silicon, sulphur, and phosphorus. One speaks of 
binary, ternary, quaternary and complex alloys. In addition, nickel, 
chromium, vanadium, tungsten, molybdenum, &c., are frequently 
added to steel, either individually or severally, in order to improve 
its properties. In this way, the strength is influenced very favour- 
ably. Moreover, by the addition of such alloying constituents, 
the weldability is, to a certain extent, guaranteed. We must not 
omit to mention tin, aluminium, arsenic and titanium, which, 
above a definite content, considerably reduce the weldability of 
steel. Sulphur and phosphorus must be counted among the 
undesirable constituents of iron. Individually they should not 
exceed *04 per cent, and together not more than *06 per cent. 
Between the usual limits, the weldability is not adversely affected by 
phosphorus, but there is the possibility of cold shortness. It is 
occasionally added to cast iron to produce a free flowing iron. , In 
this respect, sulphur works in the opposite direction. It is very 
dangerous ^here stresses occur. It also produces red shortness, 
and in the red heat favours the absorption of oxygen. The absorption 

Welding of Alloy Steels**, Technischei ZeHUdBlatt^ V^l, 39 
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of gases is undesirable in all cases where good quality welding 
is desired. Consequently, the effect of oxygen and hydrogen must 
be avoided as far as possible, since they are responsible for brittle- 
ness and a tendency to fracture. Too high a concentration of oxygen 
can even lead to fatigue fractures, whereas too high a content of 
hydrogen results in corrosion brittleness, and this should be borne 
in mind. The absorption of nitrogen leads to a porous structure. 
Segregations, slag inclusions, and cavities are signs of weakness in 
iron, and should therefore be avoided. Overheating and burning, 
as well as fatiguing, also affects the properties of the material 
adversely. Stresses and fatigue effects may be restricted by 
annealing. 

Along with references to the properties of the steel which has 
to be welded and the correct choice of the welding process, which 
has already been indicated, the use of a suitable Filler Material is 
of primary importance. Only then is it possible to obtain an intimate 
union between the filler material and the article, and ensure that the 
structure of the weld, in respect of its technical properties and 
chemical composition is, as far as possible, similar to the structure 
of the base material. In this respect, the conditions obtaining in 
electric welding, due to the processes in the arc, are very much more 
difficult than those in fusion-gas welding. Because the importance 
of a suitable filler material was not originally recognized in welding 
engineering, and as, initially, attempts were made to weld with all 
types of wires, such as mattress and fencing wire, an explanation 
of these early mistakes is apparent, especially in the field of electric 
welding. Even up to a few years ago, the view was held that the 
chemical composition (analysis) of the wire was all-important, and 
that the same wires could be used for both gas welding and electric 
welding, with equal success. Moreover, opinion was sharply divided 
as to whether electric welding was more satisfactory with bare or 
covered wires. To-day this attitude has completely changed and 
has resulted in a considerable improvement in filler materials, 
a process which does not appear as if it would be concluded for 
some time. The attempt to weld high alloy steels has contributed 
not the l^t to a large number of filler rods which are specially 
and accurately prepared to suit the original material, depending on 
die type of die process and the kind of material which has to be 
welded. Because of the wide' variations which occur in the hij^ 
alloy steels, definite specifications for the comp^ition of 
filler wires cannot he given. The mantifacturers of the 
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fore, always offer suitable and tested filler wires for their various 
types of steels. 

The purchaser of welding wire is advised on acceptance of the 
wire to convince himself of its quality and usability. For this pur- 
pose an investigation and practical test of the steel by means of a 
welding test are advisable. The wire should then be judged on its 
external appearance. 

Externally the wire must be free from scale, oil and rust. In 
order to protect it from rusting during storage it may be coppered. 
In addition to having a smooth, flawless surface, the wire should 
have a round regular section. Annealed or unannealed wires are 
absolutely identical, for hand welding, if they have the same chemical 
composition. For automatic welding, annealed wire is unsuitable 
because it easily jams during feeding. Nevertheless the gas welder 
prefers to use a good flexible wire, that is an annealed wire, whereas 
the electric welder prefers an unannealed wire which can be broken. 
The so-called wood charcoal welding wire is of no special impor- 
tance, as this usually is only an ordinary wire which has been 
annealed in wood charcoal. 

The wire should then be tested with reference to its chemical 
composition. This depends on the welding process and on the pur- 
pose for which it is to be used. As has been previously mentioned, 
the same wires cannot be used for fusion gas welding as for electric 
welding. Moreover, in many cases, an inexpensive wire is suitable, 
whereas for quality welding on highly stressed members severer 
requirements must be imposed on the wire. In certain circumstances, 
especially where alternating stresses are to be expected, wires must 
be used which give a forgeable weld. In addition the chemical 
composition must be different for built up welds, and for welds which 
are required to give varying hardnesses of the built-up layer on 
materials which are low or high in carbon. 

Bearing these points in mind, the following figures may be 
recommended for the chemical composition of bare wire. 

For a wire which gives a soft weld with gas welding, and has 
a tensile strength of about 80 per cent of the base material, we have 
C up to 0-12 per cent, Mn o ^-o-b per cent, Si 0*08-0*25 per cent, 
P and S each not greater than 0 03 per cent. Greater hardness and 
a tensile strengdi of lOO per cent of the base material may be ex- 
pected from a wire with C 0*15-0*25 per cent, Mn 0^6-1 -o per cent, 
Si about 0*25 per cent, P and S as before. 

Fqr i^c welding, the value® ^ as follows: C up to o*i2 per cent. 
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Mn 0*3 to 0*6 per cent, Si o*i per cent, and for high quality wire, 
C up to 0*12 per cent, Mn 0-5 per cent, Si O'l per cent, and in both 
cases P and S 0-03 per cent, maximum. 

For building-up welding, using fusion- gas welding and a mild 
wire, the same wire is used as for simple junction welding. For a 
harder surface a wire with C 0-5 to 0*7 per cent, Mn 0-5 to o*8 per 
cent, Si up to 0*15 per cent is used, whereas for arc welding a wire 
is used similar to the high quality wire for junction arc welding. 
For soft welds, a wire similar to the high grade wire for fusion gas 
welding is employed. For harder welds, and especially hard welds 
to resist abrasion, a wire with C 0*9 to !•! per cent, Mn 0-15 to 0*5 
per cent, Si up to 0*25 per cent is recommended. 

It is important that the silicon content should not be exceeded, 
since protection is thereby afforded to the purchaser that basic 
steel, which is usually very irregular in composition, is not used for 
the manufacture of the wire, but that the wire is made from good 
Siemens-Martin or steel from the electric furnace. 

If the wire is satisfactory in respect of chemical composition, a 
weld test should be carried out, in addition to the above analysis. 
In point of fact, it frequently happens in welding that wires which 
have an absolutely similar chemical composition behave very dif- 
ferently. In this test the flow and the loss due to burning should be 
ascertained. The filler material should flow easily and regularly and 
should only splutter slightly. In gas welding it should only froth 
to a small extent and form little slag.* Filler materials for overhead 
and vertical welding should possess an adequate “ climbing ability 
In order to test this “ climbing ability ’’ the wire should be melted 
down on a vertical surface from bottom to top, and this is best done 
by describing a circle of at least 2| in. diameter. 

In general, it may be noted that a wire which contains gas in- 
clusions is no use for electric welding because it gives rise to high 
spluttering losses, whereas it may quite well be used for fusion gas 
welding. Conversely, a wire which gives rise to an increase in slag 
is unsuitable for fusidn gas welding, whereas in certain circum- 
stances it may even be desirable in electric welding. 

In addition, a mechanical test of quality of the welded specifnen 
is advisable. The tensile strength of the weld seam is determined in 
the usual way by means of a tensile test, its elongation by a bend 
te^t, more details of w(hich will be discussed in a later sectiwi. In 
order to test the forgeability, the specimen should be forged do^ 
from the mid^e outwards at a forglag tempeiatme 
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1700° F. (930^^ C.), to half the thickness of the specimen, so that 
the weld seam lies approximately in the middle of the length of the 
test piece. The forged down portion of the specimen should then 
be capable of being twisted at a forging temperature of 680*^ E. 
(360® C.) without showing fracture. 

Since wires of absolutely similar chemical composition frequently 
behave differently during welding tests, this may easily be due to the 
condition of the surface and the process of manufacture of the wire. 
In wires which have to be used in arc welding we certainly have to 
deal with the presence of traces of elements in the steel which cannot 
be determined by analysis, but which exercise a definite effect on 
its behaviour. We have already discussed these in the section on 
‘‘ The Arc ”, In addition to the theoretical analysis which was dis- 
cussed, practical experience supports this view. 

Based on the fact that wrought iron, which was previously used, 
but to-day has been abandoned because of its irregular properties, 
had excellent weldability, the firm, Bohler, has come to the con- 
clusion that the weldability of steel may be considerably affected by 
the presence of non-metallic constituents as they occur in wrought 
iron.* Consequently they have put a wire on the market in which 
the non-metallic constituents of this kind are distributed regularly 
and in tested amounts in the middle of the wire. The wire is known 
under the name of “ Seelendraht ” (Core wire). 

Very high quality welds, which have a high ductility and forge- 
ability, may be made with this wire. It is unsuitable for gas welding. 
The same success may be achieved when these non-metallic con- 
stituents, which fuse and vaporize in the arc and spread over the 
article to some extent, are supplied in the form of a covering for the 
wire. The use of covered electrodes in electric welding, in the place 
of the bare electrodes, which have previously been discussed, has 
. been known for some time, but initially a different object was aimed at* 

One differentiates between lightly-covered or dipped, and heavy- 
covered or wrapped (coated) electrodes. The manufacture of dipped 
electrodes is carried out by brushing the wire or dipping it in a 
material of a definite composition which is mixed to a paste with a 
binding material such as waterglass, &c. The composition of these 
pastes is always treated as a manufacturing secret. As a rule, the 
coverings principally contain alkaline silicates and ferro^siltcon and 
substsuices containing borax. Recently they have been enriched with 

/ t Observations on Fnskwi Welding Stahl md Bkm, 
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various alloying particles which are stated to be transferred to the 
weld. 

Heavy covered electrodes either have a wrapping of blue asbestos 
rope about in. thick, under which is placed an aluminium wire 
(electrodes of the Quasi-arc Co.) or a wrapping of white asbestos or 
dipped string to which alloy constituents are added (electrodes of 
the Murex Welding Processes, Ltd.). 

At the present time there are considerable differences of opinion 
concerning the suitability of covered electrodes. Whereas England, 
Switzerland, Belgium, Holland, and Australia have gone over almost 
entirely to the use of covered electrodes, in Germany and America 
bare electrodes are usually preferred, and covered electrodes are only 
used in individual or special cases. Consequently, the advantages 
and disadvantages of covered electrodes will be discussed more 
closely. 

It must definitely be agreed that the covering, which is vaporized 
in the arc and then forms a mantle of gas around it, offers the 
following advantages: 

1. The arc is easier to maintain. Welding with the unstable 
alternating current arc is practicably only possible with the use of 
covered electrodes. 

2. To some extent, the covering prevents the ingress of oxygen 
and nitrogen from the air to the finely divided filler material, which 
is being transferred in the arc. 

3. The covering forms a slag on the weld which protects the 
bath from the effects of gas from the air. 

4. Heat is required for vaporizing the covering, and this heat is 
removed from the electrode during the melting of the filler material. 
The fusion process is therefore delayed, and time is gained for fusing 
the base material. To what degree this is the case with light and heavy 
covered electrodes is shown by the oscillograms taken by Bung, 
which have already been shown in figs. 37 to 39,'*' 

5. Cooling is delayed because of the slag covering the xpolten 
zone. The result is a finer structure of the weld zone with covered 
electrodes as compared with bare electrodes, and consequently a 
higher ductility of the weld. At the same time greater stresses are 
set up. 

6. It has been shown that by the addition of definite alloying 
eonstittients, chiefly manganese, nidkeli &c. * the weld n^y ^ 

Testa in order tb inveatigite ProiCie^es Iri 
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enriched with these and hence improved. Consequently suitable 
electrodes may be made for various purposes. 

At the same time, the heavy slag formation is to be offset against 
this advantage of covered electrodes, and with heavy covered elec- 
trodes this slag formation is very great. The welder has to have 
special skill in order to follow the fusion process closely, since his 
observation is considerably impaired by the slag, and furthermore' 
he has continually to drive out the accumulating slag. Consequently, 
very light runs must be put down. 

Numerous runs, however, result in greater contraction stresses, 
and these are intensified because covered electrodes result in greater 
heating of the weld seam and the adjacent material than bare 
electrodes. From photographed oscillograms it has been satisfac- 
factorily established that the covering causes a retardation of the 
speed of fusion of the electrode. Whereas with this electrode only 
three transfers of drops in half a second were registered, thirteen 
transfers were counted with bare electrodes during the same period 
of time. The drops with the covered electrode were 3-4 times 
as big as those with the bare electrode. The transfer of drops in 
itself only occupies a very small proportion of the total time of the 
welding process. The ratio between the drop transfer and the pre- 
heating period which lies between two transfers, amounts with 
covered electrodes, to about i : 11*5. With bare electrodes, however, 
it amounts to only i : 2*4, so that without further comment the 
more intense heating of the article may be explained. 

In addition, recent experiments in the Technical Welding Research 
Laboratory have shown that it was not possible for our welders, 
who had been trained on bare electrodes, to control the slag even 
when depositing a single run, if the plates had to be welded in an 
absolutely horizontal position. It was only when a definite slope 
was given to the plates, so that the slag could flow downwards, that 
good results were obtained. Consequently, there is no difficulty in 
welding vertical seams with covered electrodes, but, on the other 
hand, Aere is considerable difficulty in making the horizdhtal seams 
overhead. For this purpose, a weld angle of at least 130° must be 
chosen, so as to make it possible to drive out the slag at the sides, 
and this is neither an advantage for the quality nor for the cost of 
the work. On the other »hand, the welders could make overhead 
welds with bare electrodes much more easily. It is true that they 
did not athun the of horizontal or vertical seams, but at th^ 

betnsr than welds with covered elec- 



134 


WELDING PROCESSES 


trodes. Special mention is made of this matter, because previously 
it has always been considered that overhead welding could only be 
carried out with covered electrodes. 

It must be admitted, however, that welders who have been 
specially trained on covered electrodes would get better results 
' with them than our average welders who have been trained princi- 
pally on bare electrodes. 

If it is further borne in mind that covered electrodes are as much 
as twice to ten times as expensive as bare electrodes, depending on 
the process of manufacture, so that the excess cost cannot be balanced, 
and further, that higher welding speeds cannot be obtained, especially 
when welding with numerous runs where the cleaning of the lower 
run occupies a considerable amount of time, it is questionable 
whether their advantages are so great as to justify their use. It 
should be mentioned that it is possible for a skilled welder, even 
with bare electrodes, by holding a short arc, to keep absorption of 
oxygen and nitrogen from the air within moderate harmless limits, 
and that to-day there are bare electrodes which make it p)!>ssible 
to produce welds having high ductility and forgeability. 

Consequently in the writer’s opinion the necessity of using 
covered wires did not exist so long as we were dealing with the 
manufacture of articles which were only subjected to normal tensile, 
compressive or bending stresses. To-day, where welding has been 
applied to constructions which are subjected to alternating or impact 
stresses or where the phenomenon of fatigue is encountered, con- 
ditions are different, and consequently a high notch impact value of 
the weld seam is necessary. This cannot be obtained either with 
bare electrodes or with lightly covered ones. As a rule it seldom 
reaches a value greater than lo per cent of the original steel, and is 
therefore so small that it can be neglected in calculations. Success 
cannot be achieved by subsequent treatment by annealing; on 
the contrary by this method the notch impact strength of the weld 
is often reduced still further. Consequently one had to be satisfied 
with this as long as there was no suitable electrode which fulfilled the 
final requirements for the quality of a weld, namely, a high notch 
impact "^lue. 

Success has been achieved in this direction for some time with 
heavy coated or wrapped electrodes of which the Quasi-arc electrode 
may be mentioned as an example. They are not only expewye to 
buy, as was previously pointed out, but they are expetisive to pbt 
do#n since, because of the danger ol 8%, they 
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putting down of very thin runs and require very careful work. 
Quite recently, however, a new covered electrode has been put on 
the market in Germany by the firm Pintsch which leads one to 
expect that there will be a complete change in high-grade welding 
such as boiler welding and the welding of bridges and building con- 
structions.* The most careful determination of the metallurgical 
properties of the filler material and the covering, on the one hand, 
and the base material, on the other hand, was made. In addition, 
subsequent heat treatment, which was previously unknown, was 
carried out on the welding wire after the rolling process. By this 
means, success has been achieved in the manufacture of an electrode 
which gives welds which can no longer be distinguished metallurgi- 
cally from the parent metal, as is amply proved by photographs of 
etched sections. At the same time, the weld has the same ductility 
and strength as the parent metal and possesses a notch impact value 
(Charpy) of 560 ft. Ib./in.^ in the unannealed, and about 845 ft, Ib./in.^ 
in the annealed condition. Moreover, special skill on the part of 
the welder is not necessary, and hence a totally unexpected advance 
would appear to have been made in the development of the electrode, 
a development which has not yet been concluded. The goal of this 
development corresponds to the ability to make a completely homo- 
geneous weld. The final goal will only have been reached when 
perfect welds can be made with electrodes of this type in any posi- 
tion, both vertically as well as overhead, and this is not the case 
to-day, since previous tests were only successful in the welding of 
horizontal or slightly inclined seams. 

In addition, it should be mentioned that with direct current 
welding, it is by no means unimportant whether the electrode is 
connected to the positive or the negative pole of the welding current 
circuit. When welding with steel of low carbon content, it has 
proved satisfactory to connect the electrode to the negative pole. 
Because of the temperature difference between the positive and 
negative pole, better fusion of the base metal and consequently 
improved penetration are obtained. The same is true with wire 
having non-metallic inclusions for which gentle fusion and pene- 
tration of the negative pole are necessary, where^ in welding with 
the positive pole, they exert a harmful effect, 

When steel has a higher content, whether of carbon or of metallic 
alloying additions, ^e conditions are changed. The wire bums 

* ZdUckrfft des d$uncher VoL 76 (i93a)» No. 21, 
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irregularly and the penetration is less if the electrode is connected 
to the negative pole. On the other hand, the fusion of bare wire with 
a high carbon content or a high alloy steel is relatively quiet at 
the positive pole. The penetration, however, is never so great as 
negative pole welding with low carbon steel. It is, however, of no 
great importance, since steels with a higher carbon content are 
always exclusively used for building-up welding, in which good 
penetration is not so necessary as in junction welding. 

With covered wire, the conditions are similar. Wire with a 
light covering may generally be welded better at the negative pole, 
wire with a heavy covering must be connected to the positive pole, 
in order to obtain good penetration. The cause of this phenomenon 
has only partially been explained. 

The Welding of Cast Irony Cast Steel and Malleable Cast Iron 

General . — Cast iron welding is usually limited to repair work. 
It is used for the repair of broken or fractured castings as well as for 
the filling up of faulty spots or of worn objects, and for the elimina- 
tion of faults in the appearance of an article. 

As has already been mentioned, cast iron is an iron rich in carbon, 
which, during heating, passes over from the solid state immediately 
into the liquid state. Therefore it can only be welded by fusion 
welding processes. The carbon, however, in grey cast iron is not 
chemically combined, as in steel, but partially separated as pure 
free graphite. The softness of cast iron and its capacity^ for being 
worked depend on this separation of the graphite, as cast iron, in 
itself, is brittle and hard. The separation of graphite is aided by the 
silicon content of the iron, but at the same time to a large extent 
by the slow cooling of the molten iron. A high graphite and silicon 
content is therefore a condition for the softness of cast iron. 

These two valuable constituents disappear during welding, by 
combustion both in the welding flame and more so in the arc. In 
addition, unless special precautions are taken, the weld solidifies 
much more quickly than molten iron does during the casting of cast 
iron articles. Consequently, in the welding of cast iron, it is easy 
to get very hard weld spots which cannot be worked with any turning 
tool and which render a weld, which is otherwise satisfactory, unfit 
for service. The means of preventing this lie in the use of a material 
with a high earbon cjontent and a high silicon content, and 
slo^ cooling of the welded sirikle sand or as^ 
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welding fluxes are of advantage. Frequently a second torch is used 
for heating purposes. 

If additional stresses are set up, due to excessive heating during 
welding and consequent rapid cooling, in a casting which has already 
been subjected to stress as a rule during its manufacture, these lead 
to cracks and fractures which in certain circumstances are worse 
than those which have to be repaired. A method of preventing 
additional stresses lies in heat treatment. It consists in heating up 
the article slowly to red heat before welding, welding in this con- 
dition, and taking precautions to ensure slow cooling. A further 
difficulty in welding is excessive shrinkage. If heating is employed, 
the process is termed “ Hot Welding ”, otherwise it is called “ Cold 
Welding ”. 

With both processes, gas welding as well as arc welding may be 
used. 

The Cold Welding of Cast Iron. — Since, during welding, the gas 
flame exercises a very great heating effect on the work in the neigh- 
bourhood of the weld zone, Gas Welding is seldom suitable for the 
cold welding of castings, and is in no case suitable for the welding 
of highly stressed articles. It should be mentioned that, due to the 
low heat conductivity of the graphite which is present in the cast 
iron, the weld easily becomes porous and blistered. In addition, 
the absorption of oxygen and nitrogen from the air and from the 
flame leads to the formation of small gas bubbles in the weld. Good 
fusion and intinaate puddling in the fused bath is necessary in order 
to drive out these gas bubbles and avoid pores. 

Even if the welding of cast iron with the welding torch is not 
easy for these reasons, the difficulties are increased by rapid cooling 
after welding as this results in hard spots, especially at the transition 
zone between the weld and the base material, due to the prevention 
of the formation of sufficient graphite. It is therefore advisable, 
after welding, to allow the flame to play on the weld zone for a 
few seconds and to remove the torch by degrees in order to delay 
cooling. ^ 

In this process, the welding equipment is the same as that in 
the gas welding of steel. Cast iron, however, is used as filler material. 
Since cast iron^, unlike wrought iron, does not pass temporarily into 
the plastic state during heating, but suddenly becmnes fluid, it 
Inflows fliat castings can only be welded by this process in hori- . 
si^tal position, since tnh(»wise the molten iron flown aiway« This 

more difficult, since rite parts mu^ be dis>^ 
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mantled and frequently turned if the damage cannot be repaired 
from one side. 

All this goes to show that, from technical and economical reasons, 
cold welding with the gas flame is only advisable for such fractured, 
cracked, or porous castings, which because of their shape are free 
to expand during welding in all directions. Such castings are usually 
those like levers, bearing housings, as well as pulley wheels and 
pinions of small size. Such articles, as a rule, do not require any 
special preparation apart from metallic cleaning. At the most, if 
a deep fracture is present, it is only necessary that the weld zone 
should be cut out and enlarged, as in the welding of steel, so as to 
make it possible to build up the weld from the root. The welding 
process is carried out in such a way that the weld zone is well fused 
and the filler material is added to the molten bath, which is formed, 
during which time a brisk stirring should take place. A point of 
difference from the welding of steel is that, during the gas welding 
of cast iron, a welding flux must be used in order to produce a low 
melting slag which combines with oxygen and this should rise to 
the surface of the molten bath and should be removed. In this way, 
the melting-point of the oxide is simultaneously reduced and the 
weld is covered by a protective skin. The welding flux is added to 
the weld by dipping the end of the hot rod into it, or on large welds 
by scattering it lightly over the weld. 

Electric Cold Welding has acquired a sound position in cast iron 
welding due largely to the fact that it is the easiest and cheapest 
method for repairing castings. At the same time the valpe of this 
welding process is small. 

As in the welding of steel, one usually welds with Slaviandf^s 
process, using steel electrodes. Covered electrodes are to be pre- 
ferred. The diameter of the electrode and the current strength are 
fixed according to the size of the casting. With direct current, the 
powtive pole is connected to the electrode, as this is more difficult 
to melt than the casting. It is impossible to use cast iron as a filler 
material in this process, since the cast iron rod flows in large drops 
before the article has been melted, so that fusion with the latter 
is impossible. 

Welding with a steel electrode gives a considerable advantage to 
electric cold welding over the other processes for welding cast iron, 
since, provided that the faulty place is accessible, it is possible to 
ymld the parts^ which have to be repaired, in without 
die machine, and this can in any position eithet^ 
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cally or overhead. On the other hand there is, however, the great 
drawback that in the welding of steel and cast iron, an intimate joint 
can never be obtained, and consequently there are frequently badly 
joined spots. In addition, the transition zone between the weld 
and the article is usually hard, since solidification of the weld takes 
place too quickly and in electric cold welding there are no methods 
of delaying the solidification process. Moreover in this process 
so-called hard white pig iron is formed, due usually to the insuffi- 
cient separation of graphite and, because of the use of steel electrodes, 
steel of excessive hardness is also present. These disadvantages may 
be clearly seen in the etched photographs in fig. 123. This process 
is therefore unsuitable for articles which 
have to be tight or which are highly 
stressed. It is also unsuitable for articles 
which have to be machined over the 
weld, and especially so if the weld is 
situated on a surface which is subjected 
to heavy wear through friction during 
service, as is the case, for example, on 
the inner wall of a cylinder. The surface 
will be irregularly worn, so that the weld 
will soon stand proud and cause fracture 
of the piston. Moreover such articles cannot be subjected to 
changes in temperature on account of unequal expansion. 

As in the welding of steel, the casting is so prepared that a V- 
shaped groove is formed by cutting out the fracture or by bevelling 
the edges of the broken article. It is inadvisable simply to fill this 
groove completely with filler material along its length. A weld joint 
of this type would have an extraordinarily short life. Even with small 
stresses the weld will come away from the article, and in certain cir- 
cumstances a blow from a hammer or a chisel is sufficient. One is 
therefore compelled to adopt a rather troublesome precaution, which 
takes a considerable time, in order to increase the life. This consists 
of inserting plugs or studs in the edges of the fracture opposite onet 
another* These are welded in and usually form the only junction 
between the weld and the article. When these steps are taken, the 
section of the article should not be weakened too much, but the thicks 
ness must be the governing factor. Figs. 124-127 give m example 
the arrangement of studs used mth a heavy and with a light 
seotioh. ,The broken pieces shown in %. 128, from an ail^e wdded 
; A that even thii do^ not s^ibly increase 



Fig. 123. — Micro-photograph of an 
electric cast-iron cold weld 
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the life of -a welded joint. The object in view will certainly not be 
attained if, during welding, the thin ends of the studs, which 
project into grooves, are completely melted down, as frequently 
occurs with unskilled welders. 

The welding process is similar to that in the welding of steel. 
The filler material is put down in runs; before a run of welding is 
put down, the surface which is being built up must be made metalli- 
cally clean. In order to avoid casting stresses, welding should only 
be carried out at one point for such a length of time that the article 
near the weld zone is, at the most, so warm that one can put one’s 
hand on it without being burnt. As soon as this temperature is 



Figs. 124-127. — ^Preparation of electric cast-iron cold welds 


exceeded the welding must be interrupted. It can be started ^ain 
immediately at another point, provided this is sufficiently far away. 

In spite of these drawbacks the cold welding of cast iron is ex- 
tensively used because it is quicker to do and is the least expensive. 

Recently, in cold welding, good results have been, obtained by 
using Monel metal as a filler material. , - 

The Hot Welding of Cast Iron . — As was stated at the beginning, 
the essential point about the hot welding of cast iron lies in ffie 
special heat treatment,^ before and after welding, of the casting whidi 
is , to be repaired. In gas welding, preheating usually takes phkce 
in a mould, annesding furnace or refnu^bry fiimace whidi for weld- 
ing purposes is best heated fay oil, gas or electndty. • : . 

’The article is welded as soon as it is heated luufiundy to^^j^^ 

'In' "-ffiis: ".condidon>. it . is{:'OODD^Ietety.';lc6e:' 
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stresses which were present have been eliminated by equal ex- 
pansion. In this state, the flame is unable to exercise any harmful 
effect, since local heating is impossible. In general, for welding 
purposes, the article has now to be taken out of the furnace and is 
therefore subjected to a cooling effect. This must never go so far 
as to cause the article to be endangered. In such circumstances, it 
is advisable to interrupt the welding process and to reheat the article 
in the furnace. In order to retard its cooling as much as possible and 
to avoid frequent interruptions in the welding process for the purpose 
of reheating, it is advisable, with large articles, to work with two 
flames, one of which is used solely for the purpose of maintaining 



Fig. 128. — Faulty welding of a cast-iron cold weld 


the temperature of the article. If the article is to be turned over it 
is advisable, during an interruption, to play on it with the flame. 

The welding process is otherwise similar to that in cold welding. 

After welding, the article must not cool down in air. This would 
certainly result in the introduction of new stresses and the formation 
of new cracks. Hence it should be allowed to cool as slowly as 
possible in the furnace. The slower the cooling, the more favourable 
is the separation of graphite and the softer will the casting become. 
In this way, the danger of new stresses being set up is eliminated. 
The quality of the weld is improved by subsequently annealing the 
article at red heat aiui this should be done directly after the welding 
proem. This is definitely to , be recommended, since in this way, 
all parts are once more uniformly heated and no fear need !:« enter- 
tah^ ; ^ certain parts whiclt wipe more strongly heated during 
.:'wield^,'wifi:':;rii)ise stresses ttp'vnn .a second coolmg. . 


142 


WELDING PROCESSES 


Since cast iron may once more be used as a filler material, a 
homogeneous welding is thereby obtained. The hot welding pro- 
cess with the gas flame is therefore suitable for small objects of any 
shape as well as for large ones, and for the purposes of welding 
broken articles together, welding fractures, or repairing small flaws. 
Large faulty places in which the fractured pieces do not fit together 
for some reason or other, or cannot be welded together, are just as 
difficult to repair by this hot welding process as by the cold welding 
process. 

The Electric Hot Welding Process . — This process differs essen- 
tially from all the previous processes which have been discussed, 
because of the mode of preparation. The parts of the article are not 
fused by butting them together or by making a weld groove, but a 
casting mould is built round the place to be welded, and this is 
filled up by molten filler material. In other words, a mould is used 
just as in a foundry, only this mould is built up from current con- 
ducting materials so that the arc can be struck at any point in the 
mould. This process, therefore, is a definite casting process. 

Blocks of retort carbon (arc carbon, or retort coke) are used for 
the mould, and these may be obtained commercially in a variety of 
sizes and shapes. Blocks which are provided with a tongue and 
groove, for example, facilitate the building up of the walls in moulds 
of this type. The carbon blocks may easily be sha|)ed with a file or 
a grindstone, and made to any shape corresponding to the mould. 
With care, they may be used over and over again. They are locked 
together by means of bolts or wire. With large articles, in order to 
make the mould rigid, a plate like a moulding box, which can be 
fastened to the article in any way desired, is put round, and then 
moulding sand is pressed down behind the mould. Small shapes 
may be directly moulded in sand. It is then unnecessary to fit a 
moulding box. 

Accurate instructions as to how the moulding should be carried 
out in individual cases cannot be given, since there is such a variety 
of articles and ways in which they may be damaged, that i decision 
can only .be made in each individual case. Only after considerable 
experience can the most satisfactory method be adopted and good 
results obkined. In the following remarks, some rules relating 
to definite jexamples can be recommended, and these shoidd always ^ 
be observed, , 

The moat important point is m prepare the weld 
^^t'^rigltt ;down; to ^ 
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culty.. In doing this, it should be noted that the welding rod which 
is guided into the mould may make it possible for the arc to jump 
to the edges of the fracture and to thq conducting walls of the mould, 
and hence it should not be allowed to approach them too closely, 
as otherwise the welding rod will stick and cause interruptions in 
the work. If the fracture is not wide enough, it should be widened 
by chipping out or preferably by drilling out before moulding in 
such a way that it widens out upwards. In this way the offtake of 
gases which are formed in the molten bath during welding, just as 
in casting, is facilitated. Lack of observation of these rules during 
preparation results not , „ ,, 

only in the formation of . . .. . ^ 

numerous pores and 
blisters, but also in the 
formation of channels 1 
which run vertically, 
and consequently make ! 
the weld porous and 
unfit for service. | 

It should further be i 
noted that a movement ; 
of the article during | 
welding is impossible, 
since the mould contains ^ f 
molten iron which must ^ 
solidify by slow cooling 

on completion of the locomotive cylinder drilled out for 

welding process before 

the casting may be moved. If the fractures extend to various sides of 
the article, an attempt must be made to enclose them from one point 
with a single mould. It is usually cheaper to drill out large portions 
for this purpose and replace them by filler material, than to make 
several moulds one after another. Moreover, this is not always 
possible, and a second and even a third repair has to be taken into 
account, and this considerably delays the completion of the work, 
at least with large articles. An example of how repeated moulding 
can be avoided is abowi In fig. 129. In the locomotive cylinder 
shown here, a crack had to be welded and a portion of the flange 
replaced. The crack is not welded from the side, a method which 
would ceitainly save in filler material, but from above, in such a 
wiy # indicated. In this way, the 






Fig. 129. — Fractured locomotive cylinder drilled out for 
‘ moulding 
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faulty place in the flange and the crack may be covered by one 
mould and welded at the same time. 

If the fractured place extends for a considerable distance inwards, 
so that there is a fused bath of considerable area in the mould, it is 
impossible, even with the use of heavy currents and large electrodes, 
to maintain this permanently molten by means of the arc, which 
only acts on a small point. It is absolutely necessary for the 
success of the weld to maintain this bath molten. By arranging 
the moulding blocks in the way which is indicated in fig. 130 
for a locomotive cylinder, the flange of which was broken off 

for a considerable width, a 


Fig. 130, — Locomotive cylinder moulded for 
“ compartment hot welding 



number of spaces is produced, 
of which one in every two is 
first filled with sand. The open 
spaces are now filled up in turn 
with filler material; then the 
intermediate walls and the sand 
in the remaining ones are care- 
fully removed and the inter- 
mediate spaces which are formed 
are then welded. In this way, 
the worst possible damage may 
be repaired and faulty places of 
considerable size may be filled 
up with material. During the 
repair of a large pump •’cylinder 
belonging to a hydraulic station 


which was carried out in the 


repair works of the State Railways in Wittenberge as early as 1917, 


about 430 lb. of filler material were melted down into the faulty place. 
How far one may go is entirely a question of the cost or the urgency of 
the repair. If the fractured parts are very bad they will, of course, not 


be replaced by new material, but welded together in a suitable way. 
In these circumstances, however, they should not be put togeth^ 
so that th^ fracture only has to be welded, but the broken pieces 
should be so arranged that large gaps are left. Fig, 131 shows the 
main bearing of a turntable which has been welded in this way. 
Whether the broken pieces are to be replaced or used again can of 
course only be decided from job to job. In by far the majoi^ty of 
cases, however, it will so happen that a good result can be W 
quickly and ch<^ply obtained by filling up a htge fmltf ph^ 
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new fused material, than by fitting the broken parts together again, 
since as a rule this results in difficult shapes and often necessitates 
frequent handling of the article. 

Before welding, the iron is heated to red heat. For the 
preheating of large castings, ordinary pits are used which 
are built of refractory material. The mould is covered with 
an asbestos plate so that it cannot get dirty, and the article is 
surrounded by wood charcoal and heated slowly to red heat in 
this fire. 

With large articles, the preheating process requires about a day. 
Smaller articles, which are simply moulded in sand, as previously 
mentioned, and heated with wood charcoal, 
require a correspondingly shorter time. 

Attempts made to effect a cheaper and 
quicker preheating by the use of cheap 
coke in place of wood charcoal or by 
building grates with forced draft firing 
into the pits, have proved unsatisfactory. 

By speeding up the preheating process, 
the danger of cracks occurring in cast 
articles, which are not entirely free from 
stress, is increased. In addition, with 
coke firing it may easily happen that 
the articles are melted and absorb par- 
ticles of sulphur. Coke firing, as 
well as the use of damp wood charcoal, 
also requires special precautions for dis- 
posing of poisonous gases which are formed, since welding 
has to be carried out over the fire, while the article is at 
red heat. It is recommended that ventilating equipment should 
be fitted over the welding pits, even when wood charcoal is 
being used, if the welding workshop is small and not well 
ventilated, as it certainly should be, and if the best dry wood 
charcoal is not used. 

Before welding, the place to be welded should be cleaned with 
compressed air. In hot cast iron welding, the welding is again done 
according to the Slavianoff process with direct current, in which ffie 
positive hotter pole should be connected to the heavier article. Bare 
cast iron rods | in. to f in. thick, and not more than | in:, are used 
as filler material. These shonld be about 3 ft. long. A good chemical 
composition of 



Fig. 131. — Hot-welded main 
bearing of a turntable 
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Carbon 
Manganese 
Silicon 
Phosphorus 
Sulphur (Max) 


3 to 3*6 per cent. 
0*5 to 0*8 per cent. 
3 to 4 per cent. 

0*4 to 0*8 per cent. 
0*1 per cent 


The use of welding fluxes or covered rods is unnecessary with 
the hot electric welding process. In order to keep the fused bath 
continually molten, considerable quantities of electrical energy are 
necessary. Consequently it is insufficient to use an ordinary welding 
transformer such as may be used for cold welding. With hot welding, 
the welding voltage usually amounts to 40 to 65 volts (open circuit 
voltage 80 to 90 volts). The welding current, depending on the 
size of the work, and the size of electrode chosen for the purpose, 
amounts to 400 to 1000 amperes. Therefore, for the hot welding 
process, specially large converters are necessary, but several machines 
of the ordinary size may be connected in parallel for this purpose. 

The welding itself is carried out in such a way that the arc is 
struck with the welding rod and the edges of the fracture are melted 
down at the base of the mould, after the mould has been uncovered 
and carefully cleaned by blowing away dirt and dust. The filler 
material gradually fills the mould with a fluid bath. Care should 
be taken that the molten iron in the fused bath does not come in 
contact with the fractured edges which have not yet been melted 
down. The fusing process must take place to the same extent as the 
fused bath fills up the mould. 

As soon as slag collects in large quantities on the surfj^ce of the 
fused bath, it should be most carefully skimmed off. In order to 
speed up the welding process, small quantities of the same filler 
material, obtained from scrapped pieces of welding rods, may be 
added from time to time to the molten bath with a small scoop. 
The arc quickly melts these small pieces, but some attention may oe 
necessary to ensure that unmelted pieces do not remain in the fused 
bath and become entrapped on cooling. The process in which 
molten Iron is added to the mould in order to fill Jt up rapidly is 
not so widely used, because^ it is very difficult to find the correct 
Composition of the material which ensures a good joint. Specif 
attention should be paid tq avoiding unnecessary interruptions in the 
welding process, so as to retain the heat in the molten bath. 

The welding does not require as much skill and steading cff 
hwd as the cold welding process, but at the same time it 
great care. It is, however, muc^ more fatiguing for the 
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since the article has to lie in a charcoal fire during the welding pro- 
cess in order to acquire its red heat. 

From the previous remarks, it will be clear that the most ex- 
tensive damage to a casting may be repaired by means of the electric 
hot welding process, no matter whether the fractures are compli- 
cated or very extensive. 

If it is skilfully done, hot cast iron welding gives a uniform joint 
throughout. It is usually less porous than the base material, and in 
consequence it usually possesses a higher strength than the former. 
The weld and the transition zone are soft and, in contrast to those 
produced by cold welding, they are just as easy to machine as the 
base material. Fig. 132 indicates the etched section of such a weld. 
Comparison with the etched figure of the cold weld in fig. 123 
clearly shows the difference in quality between the two processes. 



A disadvantage of the process is that it necessitates dismantling 
the parts to be welded and carrying them into the welding workshop 
for hot welding, and that the preparation requires considerable 
time, and is also more costly than other processes. 

The process cannot be applied to castings which have been cast 
so highly stressed that th6y cannot withstand even a slow preheating. 
In the same way, castings cannot be welded which have been sub- 
jected for a long time to furnace gases or hot vapours. In 
such cases it has been shown that decomposition and exces- 
sive ageing of the stmcture has taken place, and these cause 
the formation of large spongy spots near the weld zone which 
do not unite with the weld. In both these sets of circumstances, 
however, the other processes are inapplicable. Such castings must 
be scrapped. 

. ' The welding of very thin walled objects is also difficult. Here 
too, however, hot cast iron welding hi^ proved suitable. A block of 
cation is placed under the faidty place, and it is carefully welded 
thin cast iron rod jlter the article has beoi heated round 
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the faulty place by means of a charcoal fire. Recently this process 
has been widely used. 

In the welding of small diameter vessels the procedure'" is to 
weld with Benardo’s process and carefully to warm the weld place 
with the carbon arc, and only to melt it down to the extent which is 
necessary in order to obtain a junction with the cast iron filler material. 

The Welding of Cast SteeL — The welding of cast steel is similar 
to the welding of steel. Every process which is used for the welding 
of steel can be applied successfully to the welding of cast steel. 

In this respect, it should be noted that articles which must not 
be subjected to stress are preferably welded electrically, in order to 
avoid the distortion which may also be counteracted by preheating. 
With a hard casting special attention should be paid to temperature 
stresses. Cavities and faulty places are best repaired by arc welding. 
It is advisable with large welding jobs to carry out subsequent 
annealing or to use the hot welding process. Large articles which 
stand up to excessive heat are better repaired by gas welding. 

In general, the choice of the process for any individual case 
depends on which appears most economical. A filler material, 
which is as far as possible similar to the base material, should be 
used. 

A soft wire should be used for low carbon castings and hard 
wire for high carbon castings. Welding fluxes are entirely un- 
necessary. 

The Welding of Malleable Cast Iron, — Welding is difficult 
because of the local characteristics of malleable cast iron.. In general, 
electric cold welding is the most suitable. The various methods of 
manufacture which affect the structure also render welding difficult. 
Light flowing cast material is best treated as cast iron, using a cast 
iron rod. Heavy flowing material is best treated as steel by adding 
mild steel wire. If malleable cast iron is to undergo shaping after 
welding, it must be treated with this in view. Forgeable fixalleable 
cast iron may also be welded by electric resistance welding. 

The Welding of Copper and its Alloys * 

Copper,— Next to steel and cast iron, copper is oiie of the most 
important metals in technical use. It is just as easily welded a® the 
former, but possesses a range of properties which rnake welding 

♦ Ziem, ** The Weldability of Copper ”, Technisches ZeAtndbtku^ VoL 39 (19^^), 
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very difficult and which necessitate special precautions. These will 
now be discussed in greater detail. 

Copper is marketed as electrolytic copper or as smelted copper 
in the rolled or drawn condition. The metal which is obtained 
electrolytically is purer. As this is too dear, however, smelted copper, 
which contains additional constituents to a greater or less extent, 
is usually used for technical purposes, and these constituents 
adversely affect welding if they are present in too great quantities. 
The greatest difficulty in this connexion is due to lead, bismuth, 
zinc, nickel and tin, in the order in which they are here mentioned. 
The presence of small quantities of lead is sufficient to make copper 
unsuitable for welding purposes. These additional materials should 
not amount altogether to more than 0*5 per cent. In addition to 
the metals named, copper contains arsenic. The arsenic contents 
which are usual do not influence the weldability of copper, 
however. As has been frequently suspected, working stresses render 
copper useless for welding purposes, if it is subjected to them for 
a Icmg time. 

Before welding copper, therefore, it should be tested to see 
whether it is suitable in respect of its chemical composition, since 
low quality material either gives very low strength values or leads 
to bad results. 

It should be noted that copper is also available as cast copper, 
and that this obtains its fibrous structure and the high ductility, 
which make it so suitable for technical purposes only by means of 
a refining process. Copper always absorbs oxygen during casting 
and forms with it cupric oxide, which is deposited at the crystal 
boundaries and renders the metal liable to fracture. By means of 
rolling and drawing, the cupric oxide is made homogeneous with the 
crystals and rendered non-dangerous.* The strength properties 
of copper which are obtained in this way are once more destroyed, 
however, by welding, and if the weld seam and the parts which have 
been joined, are to have the properties of the base material, they must 
be restored by a treatment which is similar to the rolling process. 
As will be shown later, this is obtained by skilful hammering. With 
copper, a weld seam which has not been hammered is always un- 
satisfactory. 

There is another' difficulty during the welding of copper caused 
by its hi^ heat cokiductivity, which is about six times as great as 
that of steel. Consequently, the welding of this material necemtates 
♦ O^^sc^tylene Tips % Scpteml^^ 
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a greater heat supply than does steel.. For this reason, welding is 
done with a torch which should be two sizes larger than for steel, or 
two flames may be used. These are a distinct advantage for reasons 
which will be mentioned later. 

It should be noted here that the melting-point of pure electro- 
lytic copper is 1980° F. (1083° ^0 while that of smelted copper is 
considerably lower. 

The greatest difficulty in the welding of copper is due to the 
tendency, which increases with temperature, greedily to absorb 
oxygen and to form compounds with it like cupric oxide and cuprous 
oxide which make it liable to fracture. The ' only means of com- 
bating this is by making the weld most carefully. In addition copper 
greedily absorbs combustible gases in the molten condition, and 
on cooling gives them up again in the form of froth. 

How these difficulties with copper are to be met and how» in 
spite of them, by means of the most careful Manufacture of the Weldy 
a weld joint can be obtained which satisfies all requirements, will 
now be discussed below. At first it should be noted that copper 
is almost exclusively welded with the oxy-acetylene flame. For 
junction welding, where material is required having the approxi- 
mate strength and ductility of the base material, electric arc welding 
has not led to practically useful results. It has, moreover, proved 
to be uneconomical. Copper may be welded quite satisfactorily, 
however, by means of the electric resistance process and also in 
building-up welding by means of the arc, when only freedom from 
porosity, and neither strength nor ductility is required. ► 

As far as welding with the oxy-acetylene flame is concerned, the 
preparation of the article, as well as the guiding of the flame, is 
almost entirely the same for copper as for steel. . An important 
condition for the success of the welding is the most careful adjust- 
ment of the flame and the guiding of the torch. It is here of 
much greater importance than in the welding of steel. It must be 
carefully noted that welding is only to be done with a neutral flame. 
The tip of the flame cone should stay at a constant distance from the 
metal egual to half the length of the cone. If the torch works with 
excess oxygen, there is the danger, as has already been mentioned, 
that oxygen will pass into the copper. Not only does it form cupric 
oxide on the surface and overheats and bums the copper, but it also 
passes into the molten copper during welding to form cuprous €mde« 
In addition, the combusti^^ gas which is present In jdte flame 
stated, gradually cc^per, ahd to 
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on solidification of the copper and rises spontaneously to the surface 
in the form of small blisters. This is called “ copper froth and also 
copper spit If solidification takes place quickly the blisters 
will be trapped and cause a porous spongy weld. 

Burned copper, which may be distinguished from the salmon 
red of pure copper by its dark red colouring, is brittle. Even the 
presence of *1 per cent of cuprous oxide considerably increases the 
tendency of the material to fracture. Since the formation of cuprous 
oxide cannot be avoided, even with the most careful adjustment of 
the flame, it is advisable, by the addition of deoxidizing agents as 
additional materials in the fused bath, once more to reduce the 
oxide which is formed. Such agents are magnesium, aluminium, 
silicon, phosphorus, iron and especially silver. Phosphorus has 
shown itself very suitable for the deoxidation of copper. It com- 
bines with the cuprous oxide to form phosphoric acid, which because 
of its low specific weight rises to the surface of the molten mass 
and vaporizes. For quality welding the Canzler wire which is made 
in Germany has shown itself very suitable. This contains about 
I per cent of silver in addition to phosphorus. The filler material 
should only coqtain as much phosphorus as is absolutely necessary 
for the reduction of the cuprous oxide. An excess quantity passes 
into the copper -and makes it brittle. Electrolytic copper is not to be 
recommended for use as a filler material. Although this is very pure 
it should be noted that experience has shown the weld to be very 
much better the more exactly the filler material is suited to the base 
material, if copper of about 99-5 per cent purity is available. In 
electrolytic copper there is a lack of the protective elements which 
prevent the absorption of oxygen. In addition it has a higher melting- 
point than smelted copper, and this also makes welding more difficult. 
Experiments have shown that seams welded with electrolytic copper 
have a very low ductility. 

In order to combat the effect of oxygen as much as possible, it 
is necessary, besides adjusting the flame accurately, to speed up the 
welding process as much as possible and to shield the weld zone 
with the flame, so that oxygen from the air cannot enter. For this 
reosoit, a more powerful torch must be used than for steel as was 
mentipned in the previous pag^. This is jSso necessary in, order to 
retain the quantity of heat which is necessary for the welding process 
a| weld in spite of its being conducted away b'SCatise of the 
^1^ ; pf copper. W mo torches* pne^^^^^p^ 

whit^ is the second wlw 
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for keeping the heat at the weld zone and shielding it, has proved 
very satisfactory. With heavy sections, provided that the weld is 
accessible, one may weld simultaneously on both sides after making 
an X-shaped groove, so as to employ the torches most usefully. 
In this way the danger of insufficient fusion at the root of the groove 
need not be feared. It only arises if the two weld grooves are filled 
up one after the other. 

It may be noticed in these instructions that the use of a welding 
flux, which is usually referred to as being indispensable for copper 
welding, is not absolutely necessary. Nevertheless, it is advisable to 
use a welding flux on heavy sections. Since, with heavy sections, 
the neighbouring parts of the seam are strongly heated, and since 
these may become brittle by the absorption of oxygen from the air, 
they should be protected by a welding flux, which covers them with 
a non-porous easy flowing skin. At the same time inclusions 
should not remain behind in the weld. Welding fluxes consist 
chiefly of borax. The melting-point of the flux must lie below 
that of the copper. 

The use of a more powerful torch and the increased speed of 
the work which is thereby obtained, is also necessary because with 
it the heating of the parts of the article which adjoin the weld seam 
may be limited to a minimum. With increased heating the whole 
material expands considerably because of its high heat conductivity 
and hence on cooling, dangerous stresses which are called into play 
after a long period of welding at high temperatures, are set up and 
lead to shrinkage cracks such as frequently occur in copper welding. 
The quicker the welding takes place the lower may the stresses 
be kept. These stresses, which can never be completely avoided, 
may also \)e neutralized by Hammering the Weld Seam. As was 
mentioned, this hammering is indispensable for converting the cast 
structure which is set up by the welding into a fibrous one, and for 
giving the weld seam the strength properties of the base material. 
The strength of an unhammered weld, even with the use of alloy 
welding rods, amounts at t^ie most from 50 per cent to 60 per cent 
of the tihwelded plate and this is, therefore, too low. The hardness 
of unworked welds is also considerably lower, as these are coarse 
grained and invariably more or less porous. HanUnering, therefore,' 
always forms an essential part of the welding Work. 

This hammering must be carried oiit with considemble ^illv 
It require Special dexterity^ apd sHou^^ result in the mh^blidati6ii 
o|^''the;:WeM\ah4:; in'' the 'itopwetr^i the''qrystalj;i^qt^ 
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In order to avoid the difficulty which is introduced by hammering 
the weld seam at high temperatures because of its low strength, the 
work should be carried out directly in conjunction with the welding. 
A piece is welded and immediately hammered. The first portion of 
the piece must, however, be still at red heat when the hammering 
is started, otherwise further heating with the torch must take place. 
On account of the stresses which are set up, going over the un- 
worked seam with the weld flame again is to be avoided as far as 
possible. In general, about 6 in. are welded and then hammered. 

The end of the weld seam is then hammered over quite lightly 
in order to consolidate it to some extent, and then a return is made 
to the starting-point of the welding. Because of the softness of the 
material, the seam would fracture at its end point, due to the stretch- 
ing which is set up by hammering, unless this precaution were taken. 
The intermediate zone between the weld seam and the plate is then 
worked, and in this way a smooth and uniform transition can very 
easily be achieved. It is advisable to weld with a small reinforcement 
so as to be able to build up the material. After the two edges of the 
weld seam have been hammered over, the reinforcement itself and 
the weld seam which is integral with it, is carefully worked along 
its whole length. If hammering of the weld seam is started in the 
middle, a large portion of the reinforcement is forced out to the 
sides, and it is impossible to get a uniform transition zone in the 
plate. When the hammering is started, the blows must only be 
light as the weld is at a high temperature. As the cooling increases, 
and especially after the first hammering of the weld seam, the blows 
should increase in intensity, so that a change in the cast structure 
does actually take place at all points in the section of the seam. 
With longitudinal seams, it is advisable to have the hammering of 
the weld directly followed up by a second workman. 

In the welding of fire boxes, a hammer weighing about zj lb, 
or a compressed air hammer is used. Heavy hammers cause the 
structure to break up and they should, therefore, not be used. When 
welding from both sides, the blows from both sides should be made 
simultaneously. 

Finally the hammered seam may be smoothed over with a com- 
pressed air hammer, and this is especially advisable for articles 
which have projecting members, which may be subjected to serious 
attack from gases, Stc. 

In addition to this improvement by hatomering;, it is a^^ 
in to carry Out subsequent ti^te by anneahhg and 
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slow cooling at a temperature of about 750° F. (400° C.) for half to 
about one hour, and in this way a very regular structure may be 
obtained. By observing these instructions it is easily possible for a 
skilled welder to produce satisfactory welds having a strength up 
to 90 per cent of the unwelded material. It is always advisable, 
however, to test the skill of the welder by test welds, and bend tests, 
and an angle of bend of 180° should certainly be specified. 

Brass ,* — Brass is a copper zinc alloy which, on welding, behaves 
like copper so that the same precautions are to be taken with it. It 
should be noted, in addition, that brass has a property which 
renders welding more difficult, and this is the low melting-point 
of zinc. It lies at about 785° F. (419° C.), i.e. under the melting- 
point of brass, 1710° F. (930° C.), and well under that of copper, 
1980° F. (1083° C.). Consequently, on welding, zinc easily vaporizes, 
and this gives rise to porous and spongy welds. 

For this reason, welding should be speeded up as much as possible. 
The loss in zinc does not increase with the heating of the molten 
bath, but with the time of welding. By rapid fusion, therefore, the 
zinc loss may be kept small. The welding of thick members is very 
unsatisfactory as they require considerable time for heating. 

As copper-zinc alloys oxidize easily, a good welding flux is to be 
recommended, A mixture of borax or boric acid with sodium phos- 
phate is frequently used. It may be put on the metal in the powdered 
condition or as a paste. The welding rod is also dipped into the flux 
in order to protect it from oxidation. In spite of the easy oxidation 
of the metal, however, slight oxygen excess in the flame is not so 
dangerous as with copper, since the oxygen forms a protective skin 
of oxide over the molten bath. 

The flame cone should be held a little farther away than with 
copper. If this is brought too close to the metal it causes the molten 
bath to froth, and this vaporizes the zinc more quickly and the weld 
becomes porous. It is advisable with heavy material thicknesses to 
use several torches and, by uniform heating, to avoid local over- 
heatirig of the article. 

The* 4 iller material must exactly suit the base material. It should 
^ be noted that the properties of the former do not depend abne on 
its chemical composition, bdt also on its heat treatment and its cold 
, treatment. The welding wire should, therefore, be alloyed. 

In spite ofthis, it is practically impossible to give a britos weld 
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the same shade of colour as the base material. Consequently, assis- 
tance is frequently sought from brazing, in which the difficulties 
do not arise to the same extent as in welding. 

Hammering the weld should only be carried out with rolled 
brass in the cold condition and with cast brass in the hot condition. 
Quenching brass makes the metal brittle; 

Bronze and Red Brass . — These are copper tin alloys. The same 
precautions are to be observed with them as with the copper zinc 
alloys. A difficulty is introduced, since, in the heated condition, 
bronze loses virtually all its strength and even slight shocks may 
lead to a fracture of the article. In the heating of a large article its 
own weight may even act in this way. During welding, therefore, 
the work must be well supported and not moved about. 

The choice of a filler material is even more difficult than with 
brass since the difference in the alloys used for various bronzes are 
greater and voltage potentials may easily be set up between the 
welding and the material. 

Building-up welding with red brass, using the electric arc, has 
proved satisfactory. It is welded with the carbon arc with a voltage 
of 45 to 65 volts, and with heavy equipment such as is used in cast 
iron hot welding. 

In addition, the point which will be specially raised later during 
the discussion of accident prevention is made here; that, due to 
harmful tin or zinc vapours which are developed during the welding 
of copper alloys, the provision of gas masks (respirators) must be 
officially specified for the welder. 


The Welding of Aluminium and its Alloys * 

Aluminium is also a metal which is of considerable importance in 
welding engineering, since it is entering into technical practice more 
and more. This is due to the low weight which it possesses in spite 
of its relatively high strength and also to its resistance to chemical 
action. For this it is indebted to an extraordinarily thin coating of 

• Pothmann, ** Concerning the Welding of Aluminium and Light Alloys 
AuUigmscfmeisser, 1^(28* 

Holler, “Principal Points in the Aluminium Welding Processes end their 
Technical Significance ** Autogene MetaUbearbeitung, Vol. 21 (1928), p. 46. 

Postoslw, “ The ' Soldering and Welding of Mmmrmm Metmktmde^^^ 

ypi. IS (19*3), P- 196. . 

RCstoskv, ^^The l^ldering and Welding of Light Metals ”, Met<dk(nrtschqft, 
^ and its Wddahility ”, TeAmuches Vol. 39, 
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oxide with which it covers itself even in air on account of its great 
affinity for absorbing oxygen. At the same time this aluminium 
oxide has a very high melting-point which lies between 3600° and 
4500° F. (2000° and 2500*^ C.), whereas the melting-point of pure 
aluminium only amounts to 1200° F. (650^^ C.). This property, 
which is so valuable for the chemical industry, provides the greatest 
difficulty for welding. The fusing of this oxide skin with the flame 
cannot be carried out for reasons which are easy to explain. Conse- 
quently the welding of aluminium and also the associated hard 
soldering process, was first made possible when a flux was found 
which caused the chemical decomposition of the thin oxide skin. 
The flux, which is termed “ Autogal ” is protected by patents. It 
consists primarily of alkali chlorides and fluorine compounds. 

Since this flux is very deliquescent and then loses its ability to 
dissolve oxygen, it must be kept protected from the air and only 
used in such small quantities as are necessary to carry out the work, 
by mixing it in a small dish. For thin plates, it is used either with 
water or alcohol, mixed in the form of a pasty mass which is put 
on the weld with a small brush. For heavy sections the powder is 
scattered in the finely divided condition over the weld, and the 
welding rod is dipped from time to time in the powder. There is 
no point in sparing the flux since it has the effect of making the metal 
lightly flowing, and it favourably affects the fusion process. The 
remnants of the flux should not remain in the weld, and this makes 
careful work imperative. After welding, it is also very important 
to remove all traces from the weld by washing with water, otherwise 
corrosion of the aluminium is set up by the flux which remains 
behind. Pure aluminium is used as a filler material either as a rod 
or scrap from aluminium plate. 

As far as fusion welding is concerned, as was the case with 
copper, gas welding is practically the only process used. For thin 
plates, a light flame is more suitable, as with a strong flame holes 
may easily be burned through. For this reason oxy-hydrogen or 
illuminating gas and compressed air flames are very often used. 
For he^yier sections, however, it is better to choose the oxy-acetylene 
flame because acetylene results in softer welds. It is necessary^ how- 
ever, fo subject it td a veiy careful purification from sul|)hlir and 
phosphorus compounds^so that the weld does not lose its strength. 

Tjbin pistes are prepared by folding or ^anglngi and th^ tnay 
be welded without filler material. Heavy sections a^f butt welded 
, . ' ;As r rult the making, of a 'groove h uhnd«^akry. 



FUSION WELDING 


157 


Metallic cleaning of the surface should not be omitted. 

The Welding itself, therefore, requires considerable practice and 
experience on the part of the welder, since the change from the 
solid to the liquid state occurs very suddenly with aluminium with- 
out its giving any definite indication. The danger of burning holes 
is, therefore, very great, especially with thin plates. On the other 
hand, because of the conductivity of aluminium, which is about 
half that of copper, a relatively long time elapses before the fusion 
process commences, so that the welder is easily led into using a 
heavier torch than is prescribed. Therefore, as soon as the pre- 
heating of the weld becomes excessive, the fusion process takes 
place more quickly than the welder is able to follow up with the 
addition of filler material, and hence overheating results. Care is 
therefore required. If the weld bead is too wide, it is an indication 
that the welder should take care. He must then take a smaller torch. 
Dimensions which are frequently given, for example, that the width 
of the bead should be three times the thickness of the plate, would 
naturally result in welding beads which would be very much too 
wide for heavy thicknesses. Preheating of the article is to be re- 
commended in order to render possible an earlier start in the welding 
process, when the work is first begun. A slight stirring with the 
welding rod in the molten bath in order to assist the separation of 
slag should not be forgotten. 

Since aluminium also collapses very easily at the welding heat, 
it should not be forgotten that the welded article should be well 
supported. Pieces of steel plate put underneath may easily be re- 
moved after welding since aluminium does not adhere to steel. By 
means of a subsequent treatment such as annealing and hammering, 
the strength properties of the weld may be increased. Quenching 
contributes to an improvement in the fused structure, but may result 
in shrinkage cracks. The pressure welding process is also used with 
aluminium — so-called forge welding — and this will be discussed 
in greater detail in Chap. III. Attempts have been made to weld 
aluminium plate by the electrical spot welding process, but up to 
the present time with little success. Attempts have also been made 
to weld aluminium by means of electrolysis. Up to the present they 
have bad no practical importance. On Ae other hand, welding with 
the electric arc, which has recently been taken up, is deserving of 
more attention. ^ 

Pojf this pitajc^ have been developed which are 

with an oxid^ dissolving paste. They are melted down with 



WELDING PROCESSES 


158 

the normal welding equipment. The electrodes are connected to 
the positive pole. A glass-like layer of slag, which forms easily on 
the surface, protects the molten aluminium from oxidation. It is 
advisable to preheat the article at the point where the weld seam is 
started before the work is begun, to 200 to 300° F. (100 to 150° C.) 
in order to speed up the starting of the welding process, which 
otherwise takes too long. When the seam is finished, it must be well 
washed and brushed in order to remove any remaining traces of the 
paste. 

It should be granted that, with arc welding, due to the con- 
centrated heat of the arc and the momentary formation of a fused 
bath, a sound joint may be made with the base material, and, in 
addition, that the quantity of the filler material melted down in 
unit time is greater than that with all other processes. There are, 
therefore, advantages both in strength and in cheapness. On the 
other hand, tensile stresses are set up in the article due to the greater 
heat of the arc. The process is, therefore, less suitable for the manu- 
facture of complicated articles than for the joining of flat plates. 

As far as Aluminium Alloys are concerned, one distinguishes 
between cast alloys and forgeable alloys. 

The most important cast alloys are the so-called American alloys 
of aluminium and copper, the German alloys of aluminium, copper, 
zinc and Silumin, an aluminium silicon alloy. The most important 
forgeable alloys are duralumin, which contains the alloying con- 
stituents of copper, manganese and magnesium, and is extensively 
used because of its valuable properties, especially its strength which 
is about 317 tons/in.2, and in addition Aladur, Lautal and recently 
Telectal, Aldrey, Montegal and Constructal. 

All aluminium alloys may themselves be welded just like the 
pure metal. In these circumstances, however, it is necessary that 
the composition of the filler material corresponds as accurately as 
possible to that of the base material. The forgeable alloys, however, 
lose their valuable properties, which are obtained by the process of 
manufacture by refining, and this occurs at a temperature of 660® F. 
(350° C^. They then have no better properties than pure alu- 
minium!! Since the use of this alloy depends on its refining, up to 
dbie present time riveting has been retained. At Ae same time, the 
strength which has been lost in the welding process may be re^ 
stored to a certain extent by subsequent treatment which is similar 

kfths alloy. 
^vhiiye’b<^(,,:: 


to the heat treatment employed during the manuhtchire e 
In this way with aluminiuim streng^ up to a5’5 tcni/in.' 
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obtained. For this purpose, however, the welded article must be 
heated in a furnace to 900° F. (480*^ C.), and then quenched in cold 
water or oil, and this is usually impossible to carry out in practice 
with large articles. It has been reported that the Metallurgical 
Laboratories at Philadelphia have constructed an automatic electric 
furnace in which complete wings and rudders of aeroplanes may be 
treated in this way. 

On the other hand, cast aluminium alloys do not give rise to any 
difficulties other than those met in the welding of aluminium. In 
common with it, they have the property that they form a ductile 
oxide skin on the weld and the molten metal. In general, therefore, 
it is necessary to employ the flux Autogal, but at the same time 
Silumin, which is easily welded, may be worked in small plate 
thicknesses without the flux. From another point of view also, the 
aluminium-silicon alloy is more easily welded than the aluminium- 
copper or aluminium-zinc alloy. Alloys react very differently to heat 
stresses such as occur during welding and which lead to the for- 
mation of cracks. The better weldability of Silumin compared with 
both the other alloys is due to its crystalline structure and its solidi- 
fication curve,* The internal stresses which remain in welding may 
be removed by subsequent annealing of the article. Heating in 
a wood charcoal fire at a moderate temperature and slow cooling is 
even more to be recommended. 

The Welding of Nickel and its Alloys f 

Nickel may be welded by means of the electric resistance welding 
process, by butt or spot welding as well as by the fusion welding 
process using the electric arc or the oxy-acetylene flame. 

With reference to the welding process, it has been shown in 
practice that, with plate thicknesses greater than in. metallic arc 
welding gives better results, whereas with thin material the oxy- 
acetylene welding process may be employed with better success. 

With both welding processes, it should be borne in mind tha| 
nickel has the property to an even greater extent than copper, 
although in other respects it behaves the same, of absorbing gases 
in the ffiolten condition and consequently special precautions are to 

• • Sdieuer, /‘ The W^dahility of Aluxmnaum Alloys depending oh the Type 
of Vol. 9 

f Webers, ‘‘ Concern^ the Welding of Nickel ”, TetMnisehes ZmtroMat^ 
(*9aa), p.'447:* / ' ' 

BOiitte, dk La Smtditra 4utagmef VoL a* (i9a9), P- 1710 - 
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be used with it in order to obtain a satisfactory weld without pores 
and blisters. Due to ignorance of these facts, the welding of nickel 
has, up to the present, only been carried out to a limited extent. 

It should be added that nickel contains many impurities such 
as carbon, sulphur, iron, cobalt, manganese and silicon, and of these ’ 
sulphur is most harmful during welding and reduces the strength. 
By means of a suitable welding flux the sulphur must so be com- 
bined in the nickel that it is insoluble. 

In arc welding, a pure nickel electrode is employed with a de- 
' oxidizing covering which consists chiefly of ferro titanium. Direct 
current is definitely to be preferred to alternating current. 

The welding should be carried out in one run over the whole 
section. Building up in layers leads to bad welds because the skins 
of oxide which are formed on the layers are entrapped in the weld. 

In oxy-acetylene welding a neutral flame is imperative, and better 
still a slightly reducing one. Excess oxygen makes the weld brittle. 
It is advisable to use the backward welding process since in this case 
the flame shields the seam which has already been welded, and pre- 
vents the absorption of oxygen from the air. A rapid to-and-fro 
movement over the surface is advisable in order to anneal the seam 
and hence to remove stresses. In no circumstances is the welding 
process to be interrupted, but at the same time building up the 
weld in layers is to be avoided. Finally, it is important that the 
torch should be held at an angle of about 45° to the seam. 

German Silver , — Since German Silver is a copper-zinc alloy of 
nickel, what has already been said about brass also applies to this. 
The welding process must be carried out as quickly as possible in 
order to keep the vaporization of the zinc within moderate limits. 
Oxidation is prevented by the addition of aluminium or magnesium. 
Annealing and hammering at about 1300*^ F. (700® C.) is necessary. 

Monel MetaL ^ — This alloy of nickel may be welded either with 
the electric arc or with the oxy-acetylene flame. In both cases, it 
should be noted that Monel metal easily absorbs carbon and oxygen 
and becomes brittle. 

In welding, therefore, a covered electrode made of monel 
metal must always be used or welding must be carried out under 
a protective shield in order to keep the air away. Alloys of mag- 
ne$ium» manganese and silicon, or titanium and calcium, r(^om^ 
niended as coverings. 

• ” TW Welding of Moool Vol. 39 

P* 445^ ^ ^ ' '' -- .'V ' ;■ ^ ‘ -V 
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In gas welding, as with nickel, backward welding gives a better 
weld than forward welding because it protects the finished weld 
from the absorption of oxygen from the air. In no circumstances 
should the flame have excess oxygen. On the other hand, a slight 
gas excess is not dangerous. Consequently the source of acetylene 
must supply an adequate quantity of gas. For deoxidizing purposes 
a flux, consisting of a solution of boric acid in alcohol, is advisable, 
and through this the acetylene gas is led. The addition of the flux 
is in this way rendered more uniform than by using a powder or a 
paste. 

The Welding of other Metals and Alloys 


Lead . — Fusion welding of lead is nothing more than the long- 
known lead-burning, A thin layer of lead oxide forms very easily 
on the surface. The melting-point of the oxide is higher than that 
of the lead, and this makes the welding work difficult. The scraping 
off of this coating before welding and a brisk movement of the weld- 
ing rod in the molten bath while the work is being done are indis- 
pensable. The hydrogen flame is to be preferred. Lead vapours are 
extraordinarily poisonous. 

Zinc .^ — The welding of zinc with the addition of pure zinc and 
the use of an ordinary soldering liquid flux or sal-ammoniac solution 
has not led to good results. Good results may be obtained with a 
welding flux made to an American patent, or better still, with hollow 
welding rods filled with a flux which is protected by patent by the 
firm of Griesheim-Elektron. 

Tin . — The fusion welding of tin is the same as the well-known 
soldering process, 

Elektron .\ — There are weldable and non-weldable alloys of 
clektron. Since magnesium, which is the main constituent of elek- 
tron, is more sensitive than aluminium to chemicals and atmospheric 
affects, the removal of the oxide skin and the flux which is used for 
this purpose is more important than for the aforementioned metal. 
Fluxes which contain chlorides seriously attack magnesium. They 
must, therefore, be avoided. An alloy of the base metal is used 
as a filler material. The method of welding is the same as with 
aluminium. 


* Lehmann, The Gas Welding of Zinc Scfmmstechnisehe RmJsckm 
t IU»sto#y, ** The ^Idermg a^ Welding of Light Metals ”, 

locwmons into "VSMdtnf Vd. 9 (^93^^ P* isi- 
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3. The Soldering and Brazing of Metals.* 

Soldering is a process which is very closely associated with fusion 
welding, and it approximates very closely to it in lead burning and 
the hard soldering of aluminium, so much so that the line of demarca- 
tion between them may scarcely be recognized. The Definition of the 
Lotausschuss (The Soldering Committee) of the Deutsche Gessel- 
schaft fiir Metallkunde (German Association for the Science of 
Metals) is as follows: “ Soldering or brazing is the joining or build- 
ing up of heated metals and alloys, which stay in the solid state, by 
means of a molten metallic junction medium.” 

Whereas in fusion welding heating must proceed so far that the 
base material and the filler material, which should have as similar 
a composition as possible, pass into the molten condition and fuse 
with one another, in soldering it is sufficient to heat them to the 
melting-point of the solder, which is lower than that of the work, 
so that the latter remains in the solid state. 

In this way, the joint between the solder and the article is not 
obtained solely by tacking them together, as is assumed, but the 
solder forces its way to a greater or less extent into the base material 
so that a mixture of the metals occurs, even if it is only a surface 
one, and this is obtained by a displacement of the surface molecules 
in the heated article. Even in the best case, however, the joint only 
attains the strength of the solder. Diffusion, viscosity and surface 
stresses determine the quality of the joint. The nearer thq melting- 
point of the solder is to that of the base material and the thinner 
the layer of solder, the better the joint. 

In soldering we distinguish between Soft Soldering and Hard 
Soldering. 

Iti Soft Soldering, the parts which have to be joined are not 
heated, and a very easily fused metal (soft solder or tin) is melted 
with a soldering iron in a thin layer on to the cleaned metal of the 
parts to be joined, which have been pickled beforehand with an 
etching medium. The soldering iron is heated in a coal fire or by 
a combufeble gas or by means (of an electric current. If the article 
is large a soldering Ikmp or soldering pistol is used. 

•The Gernien word ** Laten ” may be iramlated in Engiiah «$ 
braxmg and frequently as “ brdnae welding Thei^ is a>tisideret^ con- 
tusion In £ literature as to the escact jtneaning of these laid 

they are used didbrendy by tofuler ihust hiuem 

use ef ih^e Words In accordance With his own terintndiogy, 
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In Hard Soldering the parts of the article are preheated in a wood 
charcoal fire, or better still, and more cleanly, by means of the gas 
flame of a torch or in a furnace. Then the filler material, the hard 
solder is melted in. Acetylene, hydrogen, illuminating gas, Blau 
gas and benzine are used as combustible gases with oxygen, and, in 
addition, mixtures of illuminating gas and compressed air, and acety- 
lene and compressed air, are used. These gases give a flame which 
is not so hot, and consequently have the advantage that the soldering 
process may be better observed with the naked eye than through 
the dark glasses which have to be used to protect the eyes when a 
point flame is employed. 

In hard soldering, too, it is of extreme importance that the sur- 
face of the metal parts which have to be joined should be metalli- 
cally clean. Fat, oil and metallic oxides otherwise lodge between the 
solder and the metal, or they vaporize during the welding process 
and prevent the joint from being made. 

Soldering requires experience and skill. One must primarily 
be able to judge when the solder has the correct degree of fluidity, 
and then the soldering must be carried out quickly. The more 
quickly it is carried out, the thinner will be the layer of solder which 
is deposited between the two metals. 

Copper may be soldered to copper, brass to copper, iron to copper, 
iron to brass, and also steel to steel. A hard solder, consisting of 
about sixty parts of copper and the remainder of zinc, is used as a 
filler material. 

Soldering has acquired considerable importance in engineering 
work for aluminium and its alloys.* It will, therefore, be discussed 
in greater detail. 

Soft Soldering^ as well as hard soldering, is used for Aluminium, 
Just as was the case in welding, it is a preliminary necessity for the 
oxide skin, which is difficult to fuse, to be broken down before the 
work is carried out. In soft soldering, this is done mechanically. 
The portion to be soldered is heated until the solder which is applied 
melts, and this is then rubbed off with a wire brush. In this way 
the slun of oxide is, as it were, stripped off in the liquid solder. Hence 
the solder covers the portion which is to be soldered and prevents 
the oxide skin from forming again. Soft solders which are free 
from aluminium, or, contain only a trace of aluminium, are used as 


♦ Rost^ky, “ The Soldering and Welding of Light Metals MeteMmrtichmft^ 

gRosaoaiev and Lilder, The Capadty nf Aluminium for Soldering vdth Spechil 
to Ilird Solders ZmtndblaU^ Vol. 39 (loao)* F* 45o« 



WELDING PROCESSES 


164 

solders. They have the drawback that they provide a soldered zone 
of very low strength, and this is reduced in the course of time and 
finally disappears altogether, as soldered places disintegrate in time 
in the presence of oxygen and moisture, that is, in the presence, of 
air, because of electrolytic processes. In addition, their colour grows 
darker and this, as a rule, is undesirable. 

In spite of the advantages of the soft soldering of aluminium, 
which are due to the fact that no practice is necessary, no flux needs 
to be used, and the work may be carried out at a relatively low tem- 
perature, so that, with castings, stresses and cracks may be avoided, 
the use of soft aluminium solder is only advisable where there is no 
question of strength or where the soldered places are protected by 
oil, paint or lacquer against the influence of oxygen. When soft 
solders, which are free from corrosion, are offered for sale, it only 
means that the purchaser will certainly be disappointed. 

Hard soldering is very similar to welding; the higher the aluminium 
content of the solder and the higher the melting-point, the greater 
the similarity. 

Hard aluminium solder, also called “ Refined solder consists 
of from 70 to 75 per cent of aluminium. The remainder consists of 
copper, nickel, silver, manganese, zinc, cadmium, silicon, cerium, 
‘titanium, &c. The working temperatures lie between 1000-1165° F. 
(540°-630° C.), so that in certain circumstances they approach very 
closely to those of aluminium welding. Going to lower fusion tem- 
peratures, however, would result in an effect which would be detri- 
mental to the corrosion resistance, which is the special property 
of hard aluminium soldering as compared with soft aruminium 
soldering. As in welding, fluxes are used for destroying the oxide 
skin, and these fluxes consist of alkaline halogens, alkali earths, and 
metallic earths, and are not covered by the Griesheim patents. With 
hard aluminium soldering, the colour of the soldered places is re- 
tained. 

As far as aluminium is concerned, hard soldering and welding 
supplement one another very well. Hard soldering has an advantage, 
especially for lap joints and thin plates, because of its lower working 
temperatjire. It is simpler because holes are not so easily burned in, 
and the seams have a cleaner finish. In many respects soldering is 
also more advantageous than welding for alloys. However, the same 
remarks apply to the forgeable alloys such as Diiralumin, Lautal, 
Abdur, as applied for welding. At ^e soldering hmx they a&o lose 
their valuable proptrtim. Sfoce the 
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about twice as great as that of annealed pure aluminium, and since 
softening is confined to the joint, there is, in general, no objection 
to the hard soldering of heat treated alloys. 

In conclusion, the brazing of cast iron must be mentioned. A 
large number of brazing media for cast iron is always being offered 
for which it is claimed that they are suitable for the making of brazed 
joints which equal the strength of the article and even exceed it. 
Thorough tests of these brazing media by the Welding Research 
Department of the State Railways at Wittenberge have proved the 
complete unsuitability of most of them. 

It is only recently that, by bearing closely in mind the properties 
of cast iron, success has been achieved in the production of suitable 
brazed joints by the use of a special bronze or special brass. These 
joints are wrongly referred to as bronze welds. As was mentioned 
in the discussion on cast iron welding processes, the carbon is 
separated in the form of graphite in cast iron through which it runs 
in the shape of long drawn out veins. The success of brazing is due 
to the fact that this separated graphite in the cast iron is burned out 
at the brazing zone, so that the brazing material, which is melted 
down by the welding torch, is drawn into these hollow places by 
the effect of capillarity, and in this way forms a union with the cast 
iron paats, so that the strength of the joint is increased in the way 
desired. In order to assist this process, a paste of iron turnings and 
boric acid is employed, and this is put on to the edges of the article. 
If the article is heated the paste gives off oxygen, which oxidizes the 
carbon to CO2. 

By this method, the brazed places acquire adequate strength, 
and they are soft and may be stressed. The strength may be in- 
creased by suitable treatment by heating to a temperature of 1300- 
1480® F. (700-800° C.) The formation of mixed crystals of cast 
iron and the copper zinc alloy may be obtained, and this results 
in an increase of the strength properties. If the work is successfully 
done, brazing is therefore to be preferred in many cases to cold 
welding. 

A completely new brazing process for cast iron using cast iron 
rods and a brazing solution, in addition to a paste, has led to the 
same results as in high class brazing using bronze, 

A limitation must, however, be pointed out, namely, that success 
in east iron brazing cannot be obtained at the normal brazing tem« 
since at these temperatures pores and blisters are usually 
feito has to bring the wo(king temperature up to almost 
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welding temperature in order to obtain serviceable brazed joints. 
There is always the advantage, however, which brazing has com- 
pared with hot welding, and that is that the parts, which have to be 
repaired, do not need to be dismantled, and a mould built round 
them. 

Moreover, since the quality which may be achieved is frequently 
governed by incidental factors, brazing for cast iron is in many 
cases to be preferred to cold welding if the work is done success- 
fully, but it never reaches the quality of hot welding. 

An exception is provided in the brazing of very old cast iron. 
As was pointed out during the discussion on welding processes, 
this is absolutely unweldable or may only be done with great diffi- 
culty. In brazing, the brazing material can flow quite well into very 
large veins and branches in the base material and form an intimate 
junction with it. At the same time, the decay of the base metal is 
not rectified unless it comes in contact with the brazing material. 
Nevertheless the brazing of very old cast iron affords the only means 
of realizing, to some extent, a serviceable repair on the article. 



CHAPTER III 


Pressure Welding 


Forge Welding 


Among the various pressure welding processes, forge welding 
should be mentioned first. In this process the articles to be welded 
are heated in a smith’s fire or by water gas, while the welding pro- 
cess is carried out by forcing or pressing the members together 
with a hand hammer, a steam or air hammer, or by the hydraulic 
press. As fire welding, it is the oldest of all processes, and has been 
carried out for centuries. Although it has been forced into the back- 
ground by modem methods, since it has various drawbacks, such as 
absorption of sulphur from the coke, inclusions of hammer scale, 
&c., it is used even to-day in all smithies, especially for odd articles. 
The process is known to every metal worker and engineer, so that 
there is no need to discuss it further. 

The process of forge welding is not only used for steel but 
also for Aluminium. Copper may also be welded in the fire, but this 
is difficult because the absorption of oxygen can scarcely be avoided. 
The welding of aluminium is essentially similar to the welding of 
steel, but the peculiarities of aluminium necessitate special pre- 
cautions.**** 

As in the fusion welding of aluminium, the thin oxide skin 
on the surface of the metal, which prevents the making of a joint, 
must be removed before welding. This is done with the help 
of a scraper with which the overlapped parts are made metallically 
clean. Then the edges of the plate, which are to be hammered 
together during the welding process, should be scraped down to 
a gradual taper, since, if the edges are sharp, an early disintegration 
of the joint is to be feared. The welding process takes place at a 


• Holler, ** Important Facts relating to Alaminium Welding Processes and their 
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temperature of about 790° F. (420° C.). To hit on the correct moment 
is difficult, since the metal does not change colour during heating. 
Consequently pastes which become black over a temperature range 
of round about 790° F. (420° C.) or copying ink pencil lines which 
go white, are used as auxiliary means. Since the anvil conducts too 
much heat away, it is advisable to provide welding backing pieces 
which can be kept at a temperature of 570° F. (300° C.) by an auxiliary 
flame. Dust, rust and grease should be carefully kept away since 
they hinder the making of a joint. 

The forge welding of aluminium, therefore, requires considerable 
experience and skill, and hence its use can only be recommended 
where a skilled personnel is available. 

As a second kind of forge welding. Water Gas Welding was 
introduced towards the end of the previous century for the manu- 
facture of large pipes, containers and boilers. Because of the ex- 
pensive plant which is necessary, it is limited to a few firms which 
carry it out w;ith considerable success. Since it is essentially a 
machine welding process, greater trust is placed in it than in fusion 
welding, especially in boiler fabrication. 

In water gas welding, the heating of the plate edges, which are 
to be welded, is carried out by means of the water gas flame. Water 
gas is produced in a cylindrical furnace which is filled with red hot 
coal, and into this furnace air and steam are blown alternately. By 
blowing in the air, the coal is first brought up to white heat (hot 
blow). The gas which is produced in this way is sent to waste since 
it is of small value. In the following blow with steam (cold blow), 
the coal is decomposed into hydrogen and oxygen. Oxygen forms 
carbon monoxide with the carbon. The production of water gas, 
which consists of about 50 per cent Hydrogen (H2), 39 per cent 
Carbon Monoxide (CO), 6 per cent Nitrogen (Ng), and i per cent 
Methane (CHJ, is interrupted after about 5 to 7 minutes and air is 
blown through for heating the coal. 

The calorific value of water gas amounts to about 225 B.Th.U.s 
per c. ft. (2000 kg. cal. per cubic metre). The gas is very suitable 
as a source of heat since it has a reducing effect, that is, it prevents 
the fornittion of oxides on the surface. 

Water gas is usually supplied to two burners which ate arranged 
like a pair of pliers on both sides of the plate which is to be heated. 
In these burners it is mixed with air at high pressure and this draws 
in the water gas. The mixture of gas and air bums on exit from the 
nozzle slit of the torch in the shape of a point llame at ahout 3300° F« 
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(1800® C.). The plates which have been heated to welding heat are 
then welded under the hammer or under pressure rollers which, 
on large jobs such as boiler welding, are worked mechanically. The 
movement of the articles is also obtained by mechanically operated 
carriages or welding street^. 

Electric Resistance Welding* 

One pressure welding process, which was used by C. Thomsen 
for the first time in 1887, is the electric resistance welding process. 
It is based on the fact that when an electric current flows through 
a light conductor the latter is strongly heated and the articles which 
have to be joined are brought to the welding heat in a very short 
time. Suitable machines are constructed which, after the welding 
heat has been attained, carry out the pressing together of the articles 
to be welded. In this process, the electrical energy is primarily con- 
verted into heat because of the transfer resistances between the articles 
to be welded at the point of contact and also to a slight extent because 
of the internal resistances. Since it is possible to conduct the current 
through the article in such a way that heating is only set up at the 
point where it is required during the welding process, electric re- 
sistance welding is considerably superior to forge welding, from the 
economic and the thermal point of view. A further advantage in 
electric welding is that the welding process may easily be watched, so 
that the work may be delegated to unskilled workmen, and, moreover, 
practically no rejects occur due to overheating of the material. In 
addition, the electric welding machine is ready for service at any 
time; no waiting periods are required, and it takes up relatively 
little room, and does not spoil the air with carbon monoxide gas 
as does the smith’s fire. With this process the old unhealthy, dirty 
smith work is replaced by a clean process. 

Upset welding, spot welding and seam welding belong to the 
electric resistance welding processes. A fourth process which will 
be included here and which has been developed from the above is 
the flash welding process. It is, however, wrong to treat it as a 
division of the upset welding process, as it is a process in itself and 
is based on entirely different thermal processes. The heating of the 
butting surfaces is not only achieved by means of internal resistance 

• Gbldmsnn, “ The Present Position and the Further Development of Electric 
Resistance Welding ”, T^msdm ZmiraBlatt^ Vol. 40 (i93<^)f P- 
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which opposes the flow of the electric current in the article, but 
chiefly by means of the arc which is formed. 

It is highly important that not only can the electric pressure 
welding process be used for steel, but also for copper, brass, bronze, 
aluminium, zinc, and one can even weld together two different 
metals such as steel with malleable iron, mild and hard steel, copper 
and iron, &c. 

Since articles of any size cannot be welded in one and the same 
machine, but only those between definite limits of size, resistance 
welding machines are unsuitable for ordinary work and only suitable 
on mass production work. Expensive welding machines have to be 
maintained for large and small articles, and, in addition, special 
fixing jigs, which have to be used for various cases and changed, 
are required for each shape of the various types of articles. The size 
of the article is unimportant. A section of 0 001 in.^ may be con- 
sidered as the lower limit for the use of resistance welding, and the 
upper limit at about no in.^ for steel, but only about 3 in.^ for 
copper, because of the considerably greater conductivity of the 
latter. Up to the present, we have only discussed electric resistance 
welding as compared with forge welding. As a matter of fact, electric 
welding machines were only used at first for the welding of articles 
having a round, square, or rolled section. Later, spot and seam 
welding machines were developed from butt welding machines, and 
these are used for the welding of plates instead of riveting them. As 
far as the thickness of the plate is concerned the electric welding of 
plates is fixed by an upper limit of about in., whereas the lower 
limit does not exist, and even the thinnest plates may be'joined to 
one another without being burned by the welding current, as easily 
occurs in welding by hand, either with the electric arc or with the 
welding torch. 

As compared with riveting, the advantage of electric resistance 
welding lies in the fact that the strength of a complete joint produced 
in this way is always greater than a riveted one, since the weakening 
of the cross-dection through rivet holes does not occur. With spot 
welded plates, when the construction is destroyed, fracture almost 
always occurs in the unwelded metal, whereas with riveted plates it 
usually occurs at the rivet holes. Resistance welding is superior from 
the point of view of cost, beoiuse marking out, drilling or punchmg 
of the rivet holes and the fitting of the rivets, &c., disappears. 
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WELDING MACHINES AND WELDING PROCESSES 

Since resistance welding machines have not only got to bring 
the articles to be joined up to welding heat, but have also to take 
care of the welding process itself, that is, the pressing together of 
the articles, their equipment may be divided up into an electrical 
side and a mechanical side. The electrical equipment is funda- 
mentally the same as for the various processes of electrical resistance 
welding, including flash welding, whereas the mechanical side 
differs in upset welding, flash welding, spot welding and seam 
welding, and is arranged to suit the type of article to be welded 
(on the one hand articles having a solid or profile section, and on 
the other hand plates). 

The Electrical Equipment of Resistance Welding Machines , — The 
current strengths which are required for heating up the weld metal 
are extraordinarily high. 

They amount to 50,000 
amperes and more. At 
the same time, corre- 
sponding to the low 
internal resistance of 
the work to be welded, 
through which the cur- 
rent passes, very low 
welding voltages are ne- 
cessary. These amount 
to 0*5 to 8 volts. Low 
voltage current of this type at high current densities may best be 
produced by single-phase alternating current transformers. Since 
the current has always to be taken at high voltage from the existing 
main or from a special current generator, a Transformer is required 
for the electrical equipment of every machine, and this produces the 
required welding voltage. 

With a mains system using single-phase alternating current, the 
coupling-in of the welding machine raises no difficulty. Figs, i to 3 
allow the layout of the connexion of butt welding, spot welding, and 
seam welding machines to a single-phase alternating current main. 
With polyphase current mains, the conductors are wired betwefen 
two phases and it should be borne in mind that, if such machines 
are available, they should be distributed equally on the three phases 
of the network in order to balance the three phases. Originally 


1 I 



Fig. I . — ^Butt welding Fig. 2 . — Spot Fig. 3 . — ^Seam welding 
welding 

Figs. 1-3. — Lay-out of resistance welding processes 
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power stations raised objections to the coupling in of single machines 
because they were afraid of disturbances due to unbalanced loading, 
especially with powerful machines. To-day power stations usually 
permit the coupling-in of single-phase equipment up to a load of 
1 5 k.v.a. per phase, and recently individual stations have permitted 
them for trial purposes up to 100 k.v.a., on the condition that the 
machines will be put out of service if disturbances in the mains are 
set up thereby. Disturbances of this kind need not be feared. If 
single-phase connexion to the alternating current mains is not per- 
mitted, rotary converters will have to be installed. Since the single- 
phase generators of these converters are subject to high peak outputs, 
they should be carefully watched to see that they will stand up to 
high overloads. In order to maintain their voltage constant, it is 
advisable to provide voltage regulators. If direct current mains only 
are available, the current will, in any case, have first to be converted 
into alternating current by means of a generator or a single armature 
converter. 

Not only may various weldable metals with varying conduc- 
tivities have to be welded on one welding machine, but varying 
sections of one and the same metal, which frequently only differ 
slightly from one another in size, may also have to be welded. Hence 
fine control of the current strength, which increases with increasing 
section and increasing conductivity of the metal, is necessary. Hence 
every machine has a regulating device as an additional part of its 
electrical equipment. Regulation is always carried out on the primary 
side and is obtained by putting in or cutting out resistances. Stage 
regulators with links or plugging in switches are used which permit 
the current strength to be reduced to one-tenth of the maximum 
output as required. Choking coils are also used, but generally only 
for the welding of aluminium and brass, since they permit a fine 
setting to be made, but at the same time result in rather heavy 
power losses on load. 

The welding current is fed to the parts of the artiple by Copper 
Electrodes which also serve as clamping jaws for the articles and 
effect the squeezing together during the upset process, as will be 
shown I^r. In upset and flash welding machines, four fixing jaws 
are provided on each butt welding machine. The current supply 
is usually effected as shown in fig. 4 to the two lower clamping 
jaws. Another design is that shown in fig. 5^ in whieh the current 
feed takes place diagonally. In this case the current is compelled to 
distribute itself uniformly over each unit of area and |s an 
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advantage on uniform sections, but is a disadvantage on many 
irregular sections such as railway lines, since the thin web is then 
heated too quickly. In spot welding machines, the electrodes, be- 
tween which the weld is formed spot by spot, are made rod shaped. 
The welding tips are brought together 
by means of pressure on a pedal 
lever and are subjected to a contact 
pressure. In some welding machines 
the electrodes are made in the shape 


— 

- - V \ 





Fig. 4. — Current feed to clamping jaws, 
old type 


Fiff- 5‘ — Diagonal current feed to 
clamping jaws, new type 


of rollers and the plate which is to be welded is fed lengthwise 
between them. 

All parts of the electrical equipment are well insulated and 
positioned in the frame of the machine. 

The Mechanical Equipment of Resistance Welding Machines , — As 
has already been mentioned, resistance machines can only be con- 
structed for a definite range of operation because of the variety of 
work to be welded. Depending on its shape and size, as well as on 
its conductivity, there are, therefore, a large number of types of 
welding machines. As was previously pointed out, they can only 
be divided into upset welding machines, flash welding machines, 
spot 'Welding machines, and seam welding machines, but within 
these groups there are, in addition to various types, various sizes 
for ordinary welding work, and always a number of special types 
for definite purposes. Here we can only give a general survey. 

Machines are constructed to work with either hand or foot drive 
and also constructed to be semi or fully automatic. The latter types 
of both kinds are, of course, only intended for pure mass production 
work. In addition, the machines may be made portable, transportable 
or fixed, depending on the purposes for which they are to be used. 

In addition to the electrical equipment which has already been 
described, the fixing jig, the upset and pressure gear, and the me- 
chamcal equipment are of interest since they are the main parts of 
the machine. The fixing jig serves also as a device for feeding current 
to the forms the electrodes. As was men- 
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tioned during the discussion of the electrical equipment, these are 
designed as clamping jaws, rods or, rollers, depending on the type 
of process. Consequently the machines for the various processes 
must be treated separately in the following pages, and, at the same 
time, their supervision and the w^ay in which the process is carried 
out will be discussed. 

Upset Welding and Flash Welding . — In addition to the large 
number of special designs for special purposes^ two basic types have 
been developed for the welding of solid sections and rolled sections. 
Machines are constructed with the opening between the fixing gear 



Fig. 6. — Heavy type butt>welding machine of welded design with motor-driven 
fixing and upsetting gear 


situated at the top and pointing upwards, or they are fixed at the 
front and lie horizontally. The latter are specially suitable for heavy 
and unwieldy parts, and their location in the upset gear is facilitated 
by this type of construction, but the former permits of a very simple 
construction. Fig. 6 shows a butt welding machine of the hori- 
zontal type, »nd in passing it may be mentioned that the desi^ 
here is completely welded from steel. In this design the fixing and 
upsetting are carried out by means of a motor. The switchboard 
may be ^n in the background. 

In general, the following remarks may be made ■ concerning 
operation. In the smallest machines, the upsetting is usually effected 
by means of a hand lever which permits of veiy sensitive conhral 
of the. work, ■ ' 

Wiffi the medium sized machines ^ hand t^ed is 
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though in this case a motor drive is frequently used. With heavy 
machines, on the other hand, an electrical, hydraulic or compressed 
air drive is employed. 

Fig. 7 shows a special design of a butt welding machine for 
the electrical welding of chains. Butt welding machines have become 
extremely important for this class of work. The machine is semi- 
automatic. 


As a rule, butt welding machines can be used for the upset 
welding as well as for the flash 
welding process. In these cir- 
cumstances only the operation is > 
different. 

In Upset Welding, the pieces 
which have been previously ma- 
chined are brought together so 
that they fit well up against one 
another. In spite of this, since 
the contact between the two 
butted sections is initially only 
point contact, the current is 
opposed by a high resistance at 
the point of contact, and hence 
the points of contact are intensely 
heated in a very short time. By 
skilfully pressing together the 
butting surfaces, which is ren- 
dered possible because of the Fig. 7.~Semi-automatic chain welding machine 
softening of the points of contact, 

the current is always finding fresh points through which it can 
flow, and, because of the internal resistance of the article which is 
carrying the current, the section of the butting surfaces is heated 
more or less regularly to the maximum temperature at which the 
welding of steel takes place. When the required degree of heat 
has been obtained, the articles are pressed hard against one another 
so that an upset burr is formed at the welding point. 

This upset burr, which cannot be avoided, is an external indi- 
cation of dl electric butt welds, and this is not only detrimental 
to the appearance, but often impairs the quality, and hence it must 


be removed by subsequent machining. 

TDhe mode of operation in the Flash Welding process is as follows: 
The iuticles w have to be welded are fixed in the clamping jaws 
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Fig. 8 


exactly as was done in the upset resistance welding process. The 
butting surfaces are brought into as intimate contact as possible, 
and the current switched on. The characteristic and essential 
difference between the two types of resistance welding lies in the fact 
that contact between the butting surfaces is not permanent, but is 
always being interrupted by a short to-and-fro movement of the 

clamping jaws, so that a tem- 
porary arc is formed along 
with a heavy shower of sparks. 
In this way, especially with 
complicated sections, the but- 
ting surfaces reach a uniform 
welding heat at all points in 
the shortest possible time. It 
is an essential property of the 
arc flame which is produced 
in this way, that irregular faces 
are melted down and perfectly 
parallel butting surfaces are 
produced at the same time. 
It is unnecessary to machine 
the butting faces as is done 
in upset welding. At the 
moment when the arc is not 
extinguished by the jaws being 
moved towards and away from 
one another, but remains 
“stationary”, which is an 
indication that uniform and 
satisfactory heating has been 
obtained, the articles are 
brought together with a blow, 
the current being switched off at the same time. In this way 
all molten particles of metal and slag are forced out of the 
weld zone. They form a burr round the welding section. Just 
as the Reinforcement was the external characteristic of articles 
which had been welded by the upset welding process, so is this 
burr a characteristic of the flash welding process. It may easily he 
removed by hammer blows after cooling. Slag inclusions are extra- 
ordinarily rare in this process. Perfect welding is assured by carrying 
the heating up the melting-point* 



Fig. 9 

Micro-photographs of an upset and a flash weld 
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The advantage of the flash welding process, as compared with 
the upset welding process, lies in the fact that, due to the ‘‘ evening 
up effect of the sparks, even without preparation and preheating 
of the butting surfaces, a uniform heating of low and high spots is 
obtained, and the inclusion of slag or the formation of cavities through 
gas blisters is avoided. This is of considerable importance in the 
welding of heavy sections, as may be seen from figs. 8 and 9. 
The flash welding process is very suitable for the welding of large 
sections as well as for castings and pipes. 

In addition, high grade steels may be satisfactorily welded by 
means of the flash welding process. It is used in the production of 
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Figs. 10-15. — ^Preparation of various classes of welded articles for butt welding 


cutting tools, turning steels, &c., and in order to weld high grade 
steel tips on to steel of lower quality. 

As compared with forge and water gas welding, both upset welding 
and flash welding have the advantage that, in these processes, the 
heating does not take place from outside to inside, but in the reverse 
direction, so that^ the welder is in a position accurately to know 
from the state of the surface that the whole welding section has been 
brought up to the welding heat. In addition, as compared with forge 
welding, improved quality is obtained due to the circumstance that, 
with these processes, the air cannot act on the heated butted section 
and hence the absorption of oxygen and nitrogen from the air is 
prevented. Faulty welds are therefore much less frequent with 
the resistance wel^ng processes than with forge welding. 

' It is necessary that the welding sections should, as far as possible^ 
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be the same size otherwise the lighter article is heated more quickly 
than the heavier one. It is then subjected to the danger of burning 
before the heavier article has been brought up to the welding heat. 
If, by the choice of design, it is impossible to obtain butting sections 
which are approximately equal in size, special Preparation is neces- 
sary for the welding. In many cases this may be done by simple 
methods. Some examples of these are shown in figs. lo to 15. 
In fig. 10 the heavier shaft has been turned for a short length with 
a projection of the diameter of the lighter shaft. In fig. ii the 
welding of a shaft with a collar, and in fig. 12 the welding of a pipe, are 
shown. With corner joints (L, T and + shaped articles) one of 
the members is jumped up by a slight amount and the cross member 
is welded to the jumped up reinforcement as may be seen from 
fig. 13, This, however, is only possible with light sections. With 
^ ^ heavy sections small saw cuts may be made, 

fpzd as in figs. 14 and 15, and these concentrate 

^ " ' ? the welding heat at the point desired. If 

^ ^1 I ^ precautions of this kind are impossible, the 
^ welding must be preceded by a preheating 

|1 of the heavier article which is to be brought 

Fig. 16. -Preheating of *0 Welding heat. The preheating may 
welded articles of different be Carried out with the machine itself if the 

sizes for butt welding. _ . . , . , - , i , 

fixing of the two articles to be welded is earned 
out, for example, as shown in fig. i6. The current is first switched 
on between the jaws i and 2 and switched over to jaws 3 and i, or 
3 and 2, as soon as red heat is reached. Butt welding machines are 
also built and these have a special preheating transformer for this 
purpose, which is coupled in to the circuit in parallel with the weld- 
ing transformer. If the former contingency is not provided for, the 
preheating must be carried out on a special heating machine or in the 
smithes fire. In spite of all this auxiliary equipment, the process is 
useless for complicated sections such as T or U sections, or with pip>e8. 
Its inapplicability to castings is due to the degree in which the heat 
conducting conditions vary at different points in a thin section. 
Whereas points in a thin section fuse, the heavier ones are still too 
cold so ijhat they do not weld together. 


Special attention must be paid to the use of good fitting Clamp-^ 
ingjazos^ and to the correct Fixing Length, The shape of the oiampit^ 
jaws must be exactly suited to the articles. Special clamping jaws 
must be provided for every shape and size. Working patt^s for 
every case th^t may arise cannot be pioyided and^ 1^^ 17 
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to 22 a few of the types which are used for securing circular or 
crosspieces are given. The arrows indicate the direction of the 
butting pressure. 

The Fixing Length is governed by the material and the welding 
section. Good conducting material is fixed over a longer distance, 
and material with a high electrical resistance over a shorter one. 
If two materials of different conductivities are welded together they 
must be fixed over different lengths. Provided that both sides have 
the same weld cross-section, the total fixing length is generally 
selected as 1-4 d. for low carbon steel, 1-2 d. for high carbon steel, 
4 d. for copper, 3 d. for brass. For steel to copper the former is 


CT -... p 

tr ., - j - 

Fig. 17 Fig. 18 



Fig. 19 



Fig. 2Z 


Figs. 17-22. — The fixing of circular and square articles in the clamping jaws 



fixed for a length of 0*7 d., and the latter for i-S d. In the welding 
of mild and hard steel the fixing lengths are o-6 d. and 1-5 d. respec- 
tively. 

In the welding process itself, special attention should be paid 
to ensure that the switching off of the current and the butting takes 
place at the correct moment. With automatic machines the butting 
process starts automatically at the right time. With hand-operated 
machines, it depends on the attention of the workmen whether any 
overheating of the weld material takes place. In this respect, it is 
veiy easy to make a mistake. When the exterior has apparently just 
reached the welding heat it is possible that the centre of the weld 
section has already been overheated, since the heat is the greatest 
there. 

As the temperature of the welded work increases, there is an 
increasing loss of heat, part of which passes to the neighbouring 
pa^ part of lyfaic^ is radiated in the air. This takes place to 
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an extent which is greater the longer the duration of the weld, the 
greater the fixing length, the greater the weld section, and the higher 
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Fig. 23. — Time and energy consumptions for the butt welding of copper and 
steel sections 
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the heat conductivity of the weld material. These losses must be 
made good by increasing the current strength in order to obtain 

a temperature increase up to the 
welding heat. Accordingly, welding 
machines are so to be selected that 
their output is suitable for the 
weld section and the type of 
material and that as uniform d 
heating as possible is obtained so as 
to avoid heat and current losses. 

The graphical illustration in 
%• 23, which is given by a leading 
firm of specialists, gives some idea 
as to the Choice of Size of the 
Machine. It Will be seen that metals which are good conductors of 
electricity, such as copper and brass, lequire yeiyt -thUch high 
quantities Of energy than in sjate of ^eir lower Welding 



Weld Material 
"in one complete 
Length 


Steel Plate Core Ring 

Fig. 24. — Choking the shunt effect in the 
wel|iUngof a dosed artide by means of a steel 
plate core ring. 
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perature. Hence welding machines should not be chosen too small 
for their maximum and continuous rating, and in these cases a 
safety margin should be added to the values given in this graph. 
Special reference must be made to the fact that in the welding 
together of closed members such as rings, buckles, &c., con- 
siderable power losses frequently occur. In such cases, therefore, 
a greater margin must be taken for the transformer output, the 
greater the welding sec- 
tion and the greater the 
circumferential length 
of the article. At the 
same time the shunt 
effect which occurs in 
the welding of such 
objects tnay be over- 
come by surrounding 
the article with an iron 
ring, as is indicated in 
fig, 24. This must not 
touch the article. It 
acts as a choking coil. 

Spot Welding 

As is indicated by 
the name, spot welding 
serv^es the purpose of 
making a joint between 
metal surfaces by means 
of individual weld spots. 

It is especially suitable for joining thin plates. Due to the fine 
regulation, there is virtually no lower limit for the welding of 
such plates, whereas for economic and technical reasons the upper 
limit lies at a plate thickness of about i J in. Just like butt welding 
machines, from which they were developed, spot welding machines 
are built not only for normal work, but also for the most widely 
varying special purposes, but they do not attain the dimensions of 
heavy butt welding machines. 

In Sp3i WelMng Machines^ also, two groups have been fonfied. 
The iippor electrode is either moved in a verjical direction with a 
solM upper or ^e whole upper arm is designed m; pivot with 

Mmy ^ ''' z'' ' 



Fig. 25. — Spot- welding machine with the cooling water 
passage shown 
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the electrode. The former construction is used more on machines 
having a very large or a very small reach, since it is difficult to fit 
a pivoting arm on these machines. The most usual type of con- 
struction is the latter. Fig. 25 shows the mechanical construction 
of a spot welding machine of this type, and this indicates the layout 
of an average machine with the water cooling shown dotted. As 
may be seen the rod-shaped electrodes are fitted in two electrode 
arms, the lower one, which may be dismantled, being bolted rigidly 

to the frame. The upper 
arm may be swung and its 
reach is adjustable. It is 
also arranged to pivot so 
that it may be brought up 
to the job in any desired 
position. 

The electrodes are 
water cooled. Since the 
lower electrodes have to 
be changed and the upper 
ones have to be lengthened 
or shortened to a corre- 
sponding extent by mov- 
ing them, it is possible 
on every machine to 
lengthen the reach on the 
lever between definite 
limits and adjust it to the 
article to be welded. The 
reach, however, is limited 
since the arms are subjected to heavy mechanical stresses and 
have to carry high currents. With small machines the reach 
does not exceed 20 in,, and with larger machines not more 
than 4 ft. 

All processes of operation are effected by means of the pedal 
lever. By forcing the pedal lever down, the plates, which have 
hee& put in between the electrodes, are first pressed together. When 
the lever moves down farther the primary current switch is operated. 
When the high secondary current has heated the plates at the fiaed 
spot to the welding heat, powerful pressure of the pedal 
eludes the wdding process. When the lever is released 
is first Swittdred^ then the weld matei^tl k 



Fig, a6. — ^Spot-welding machine of the nonnal type of 
construction 


PRESSURE WELDING 183 

entire welding process takes place extraordinarily quickly and only 
lasts a fraction of a minute. 

It is absolutely necessary for the success of the welding that 
the welding time should be kept to within close limits, since, if the 
welding time is too short, unsatisfactory penetration is obtained, and 
if the welding time is too long the plates are burned. Therefore spot 
welding machines have recently in many cases been provided with 
an automatic switch. The switch ensures an absolute regularity of 
the welding work and one which cannot be obtained by hand. More- 



Fig. 29 Fig. 30 

Figs. 27-30. — ^Various shapes of electrodes for spot welding 


over, it ensures a reduction in the welding time, protection of the 
electrodes, and considerable savings in current. Its advantages are 
therefore so great that one may take it for granted that in the future 
all spot welding machines will be fitted with it. The switch may 
be operated either by the primary or the secondary current. The 
switdies are designed some as pure time switches and others as 
pure maximum current switches. 

Fig. 26 shows a spot welding machine of the normal type of 
construction. 

Furdier, it should be noted that scale and rust on the plates malm 
it impbssible to obtain a satisfactory weld. For spot welding, there- 
fom,<Myde^ 

pl^^ which are not c(Hn{;detely dean, are d^ed noth a 
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sand blast or by pickling in acid. Galvanized, tinned and lead- 
covered plates may be spot welded. It is also possible to weld various 
thicknesses or very thin plates to a heavy backing plate, such as 
a square section about | in. thick, or to weld xomplete bundles of 
plates together. 

The shape of the weld and the choice of the welding spots must 
be suited to the Shape of the Electrodes. In normal plate work and 
in the welding of sections, rod-shaped electrodes with slightly coned 
tips may generally be used, as shown in figs. 27 and 28. For 
special cases, bent or angle electrodes are required, as shown in 
figs. 29 and 30. In the welding on of studs, the lower electrode is 
so made that the stud may be let into it for about in., as shown 
in fig. 31. For this purpose there are a great variety of shapes of 



Lower Electrode Lower Electrode Tip 


Fig. 31. — Electrodes for spot welding for Fig. 32. — Spot welding electrodes for impress 

the welding of stxid-^shaped articles welding on one side 

electrodes, depending on the type which is required, and the figures 
only provide suggestions for the way in which they, can be made. 
If, from considerations of safety, a smooth surface is required, the 
arrangement which is shown in fig. 32 must be selected since the 
electrodes leave welding recesses behind. The loading area of the 
movable electrode is large and acts on the face where the welding 
recess is to be avoided, whereas the opposite electrode is made 
correspondingly more pointed. 

Good cooling is absolutely necessary for a long working life 
of the electrodes. In addition, it is necessary to clean the electrodes 
fronj time to time with emery paper or with a light file, and to free 
them from scale and* copper oxide which forms on them during 
working. In spite of this, the electrodes are subjected to fairly heavy 
wear, so that Aey have frequently to be replac^. 

The graphical representation in fig^ 33 gives an indication of 
the approximate Time Retired mA Ermgy 
plait; ^elmesses. From thk it may be seen 
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of one second is required for a plate of about in. cross- 
section. With thin plates it is possible for one workman to make 
15,000 welding spots in a working shift. The figures given in the 
graph only apply to accessible articles. For inaccessible welded 
articles, such as cylinders, buckets and pipes, there are several 
important retarding factors so that corresponding margins must be 
added to the figures. In addition, in spot welding, the energy con- 
sumption increases with the increasing reach on the electrode arm. 



It is therefore advisable not to choose the reach of the arm greater 
than the shape of the weld entails. A short leverage is also desirable 
because the mechanical stress increases with the length of the arm. 
Finally the output is affected by the amount of iron which is 
situated between the electrode arms. With a large quantity of iron 
welding requires a greater amount of energy than with a small 
quantity. The curves in the figure, therefore, only apply for a 
medium reach of the electrode arms and if no large quantity of iron 
lies between them. On the other hand, the thicknesses of the Separate 
plates have no influence on the welding time. This is determined 
by the total plate thickness. 

axrihigement of may be as 
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required by the design of the welded work, the welding spots may 
be arranged in a row as in riveting, or in several rows, or they may 
be staggered, so that we have series, chain, or zig-zag spot welding. 

Seam Welding ,^ — In addition, with spot welding, continuous 
seams may be made by letting the weld spots overlap one another 
so as to get water-tight or oil-tight joints. The process, however, 
is costly. For this reason the spot electrodes have been replaced by 
roller electrodes, by which means the welding speed is considerably 
increased. In this way Seam Welding Machines were developed from 
spot welding machines. In by far the majority of cases the rollers 
are driven mechanically. In other respects the construction of seam 



Fig. 34. — Scam welding machine for the welding of heavy members 


machines is similar to that of spot welding machines. Fig. 34 shows 
a seam welding machine of this type. Instead of two rollers, which 
are fixed like the rod electrodes, one in a fixed and the other in a 
movable electrode arm, only one roller is used in the upper arm, 
whereas the lower arm is constructed in the shape of a rail. The 
article remains stationary on the lower arm during the whole welding 
process,;jvherea8 the upper arm, which is guided in a sliding carriage, 
guides Ae roller step by step over the seam which is to be welded. 
When the work is finished, the roller returns to its initial pQ3iti(;m 
at an increased speed and without carrying current This arrange- 

*Roth, “ Coiioetnhig tbe Present-day Position of EleotriiC- Reskt^iei 
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ment is preferred for very large and very small runs of weld. A 
machine of this type is shown in fig. 35. 

In general, there is a large number of special types of seam 
welding machines depending on the class and size of the article, 
and these cannot be discussed in greater detail here. 

Although the idea to replace spot electrodes by rollers in order 
to obtain a continuous seam may appear easy, it is difficult to carry 
out the process. Seam welding machines had to pass through a 
long course of development before these difficulties were overcome. 

The Driving of the Rollers and the feeding of the current has 

been achieved in a great . ^ 

variety of ways. The rollers 
were originally moved con- 
tinuously while carrying 
current, and later with I 
single interruptions in cur- | 
rent, or they were allowed | 
to remain stationary for 
a time with the current ! 
switched on and then moved ! 
on further with the current | 
switched off. In many I 
cases, backward movements | 
of the rollers were arranged. 

Eventually a return was * «jdWin«nrii. 

made to the original way 

of guiding the rollers. The reasons for this were as follows. 

The rollers have not only to carry out the welding process, but 
they have to feed the plates forward. On account of this feeding the 
base material is tom. When the rollers were originally fed forward 
with the current continuously on> the following undesirable state of 
affaifs was encountered. Since the base material did not cool quickly 
enough a hot spot remained behind the seam, which had just been 
pressed together by the electrode, and, under this tearing action 
called into play by the feeding, the spot was easily tohi apart i^;ain. 
Ooing over faulty places of this kind for the second time is not onlj 
e]q>ensive in time but useless, because the place has usually acquired 
an oxide ^in due to the influence of the air, and this hampers sub- 
isequtnt welding. In addititm, the same phenomenon which has 
alreadjr m^doned in spot welding occurred, namely, an arc 
causes h(^\tu be burned in if the decttode is 


Fig. 35. — Seam welding machine with travelUng roller 
and bearing raila 
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lifted from the welded spot while carrying current. The seams 
were extraordinarily bad if the Surfaces of the plate were not very 
clean. An increased heat development then resulted which favoured 
the fracture of the seam. At the same time rapid fouling of the 
rollers occurred. 

For this reason a change was made so that the seam welding 
process was as similar to the spot welding process as possible. With 
this process, better results had been achieved from the beginning 
and the seam was made in a similar way by means of separate spots 
by allowing the roller to stand still for a short time during the passage 
of the current and during the welding process. After a single weld 
had been made the rollers advanced one step further with the current 
switched off. The process is known as “ Step Welding As a 
matter of fact, the process introduced a considerable improve- 
ment in the welded joint, but it was accompanied by losses in 
time. The welding output, as compared with the original process, 
was decreased. At the same time, even to-day there are a large 
number of seam welding machines built on this principle. A sub- 
sidiary of step welding is the ‘‘ Step by Step Welding Process in 
which the rollers are allowed to advance for a distance forward with 
the current off so that the plates are pressed together. The rollers 
then change their direction of movement and weld with the current 
on, passing backwards over the length which has just been traversed. 
By means of the following forward movement which takes place 
and which is made with the current switched off, the welding place, 
which is still warm, is again traversed and compressed, after which 
the process is repeated, A great deal has been expected from this 
process and it has done excellent work, but in spite of this it has 
not been adopted to any extent in practice, because the welding 
output was lowered still farther than witli step welding. It is only 
mentioned here for the sake of completeness. 

Other improvements which were used to carry out seam welding 
by means of individual spot welds have not led to any practical 
results. Among these attempts has been welding with a uniform, 
Continuous Travel Roller^ but with a rhythmically interrupted cur- 
rent. % this case the difficulties with the switchgear for the current 
interrupter were too great. 

Using the process employing a non-mteiropted cunent with 
continuous feed roller for the welding of thin plates, it was fou^d 
that, as the speed of feed was increased for reasons of ecpnoin^^^ l^ 
the usu^ ft /min. to two or this 
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were obtained, not worse. The result has been that to-day we have 
returned to this process for thin plates. The explanation of this curious 
phenomenon is to be found in the peculiarities of alternating current 
in which the current during one period alternately reaches a maximum 
and then falls to zero. In each period, therefore, as soon as the 
current reaches the maximum value, two welding points, between 
which there is a natural interruption in current by the passage of 
the sine curve through zero, are made. With a feed speed of 19-5 ft. 
these points are situated about in. apart. Hence, with repeated 
welding under natural conditions, the same result is achieved 
as with a reduced speed employing artificial interruptions in 
current. 

In this way, seam welding has returned to its starting-point 
along the path of well worked out and ingenious processes. 

It should always be borne in mind that in the rapid welding 
process the slightest uncleanliness of the plates or the rollers and 
every variation in current or electrode pressure can give rise to 
faults. The process is therefore restricted to plates up to about 
18 gauge thickness, while for heavier plates up to in., it is prefer- 
able to use the welding process with interrupted current. 

With this process also it is well to take care to have well-cleaned 
plates. The opinion that black plate or plate lightly covered with 
scale can easily be welded with machines employing the step welding 
process has proved to be unsound in practice. In recent times, 
automatic fusion welding machines with metal and carbon electrodes 
have come into competition with seam welding machines, after 
successful attempts had been made with the former to increase the 
welding speed by a very large amount, as compared with hand 
welding. Especially for heavy plates, this type of fusion welding 
is superior to seam welding. 

It sKould be mentioned that flash welding machines, in which 
the plates are fixed between two cross pieces which serve as clamping 
jaws and electrodes, have recently been constructed for seam weld- 
ing. These machines, however, are only likely to have a future here 
and there, where large numbers of the same type of seam have to 
be made on thick plates, since, because of their construction, they 
are too costly. 


<»« 74 ) ' 7 « 
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» The Application of Resistance Welding Processes 

Upset and flash welding are chiefly used in the welding of heavy 
objects, which were previously made by fire welding in the smithy. 
Articles of this kind are, for example, railway buffers, carriage tyres, 
vacuum brake shafts, cranked shafts, shafts provided with collars, 
angle joints, and, especially where flash welding is used, for boiler 
tubes, tools of high-grade steel and for copper wire, &c. Upset 
welding or flash welding has proved very advantageous in the manu- 
facture of very heavy forgings such as the base rings on locomotive 

fire boxes, crank shafts, &c., as well 
as for chains, as was mentioned 
in the description of upset welding 
machines. 

The application of spot welding 
and seam welding in the plate 
industry is extraordinarily varied, 
and also in the manufacture of 
sewing machines, typewriters, and 
in the manufacture of arms. For 
example, the following articles may 
be manufactured by spot welding: 
rollers, plate chimneys, steel fur- 
niture, hinges, parts for locks, 
cooking utensils, scoops, toys, lamp 
shades, typewriter parts, gun parts, 
pulley discs and many others. 
In the construction of motor cars, 
spot welding has quickly found a large range of application. 

Seam Welding primarily serves for the joining of thin plate 
which was previously carried out by riveting, folding or hard and 
soft soldering. In addition to the welding together of straight smooth 
plates, where strength is of no importance, pails, cans, pipes, &c., 
are welded in this way. 

? Electric Heatir^ Machines 

Electric heating machines are closely related to resistance welding 
machines. Since electrical heat is suitable not only for welding 
purposes, but for the direct heating of articles, butt welding tmvimm 
are essentially capable of use for this purpose as, so-called eleetrie 



Fig. 36. — Electric rivet heater with multiple 
settings 
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forges. Since their use for this purpose, however, is strictly limited, 
special designs have been made for individual cases which frequently 
occur, such as for heavy forgings, tyres and above all, for rivets. 

Fig. 36 shows a rivet heater of a recent type of construction 
which may be used for heating two rivets at the same time. In order 
to fix rivets of various lengths without adjusting the holding jaws, 
the electrodes are separated from one another in stages. The rivet 
is put in between the rivet heating electrodes by pressing on the 
pedal lever. It is in the control of the operator to heat the rivets as 
he wishes, that is, he can heat the end of the stem to a welding 
heat or he can heat the stem and the head to a welding heat, and so 
on, or he may interrupt the heating process at any time and start 
it again. 

Circulating water cooling is usually employed for cooling the 
electrodes. In the rivet heater illustrated, natural , air cooling is 
provided in order to make it independent of water inlets and 
outlets. 

Electric forges save coal and material and ensure a 90 per cent 
consumption of heat as compared with 10 per cent in the smith’s 
fire. 
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Aluminium Thermit Welding 

The process, which is referred to as aluminium thermit welding 
or after its inventor, as Goldschmidt thermit welding, is based on 
the great affinity of oxygen for aluminium. With oxygen, aluminium 
forms alumina and is obtained from this material by means of heavy 
electric currents with the high formation of heat and the separation 
t of oxygen. Conversely, aluminium combines with oxygen to form 
a hot slag, artificial corundum, and temperatures of about 5500° F. 
(3000° C.) are developed when finely divided metallic aluminium 
is mixed with iron oxide and the mass ignited. The pure wrought 
iron, which is set free by the oxygen from the iron oxide, separates 
out underneath the slag. 

Goldschmidt used this reaction in developing a special welding 
process. Depending on whether one employs the hot molten steel 
for filling up a weld or the hot slag for fusing the butting surfaces of 
two articles which are to be joined to one another, which have then 
to be pressed together and welded by means of a pressure jig, one 
has to deal with fusion welding or with pressure welding. For special 
purposes a combination of the two processes is used. 

For this reason aluminium welding has not been treated under 
the fusion welding and pressure welding processes, because it has 
no great similarity to either. This special process will now be dis- 
cussed separately. 

Thermit . — ^The mixed mass which was mentioned above, con- 
sisting of iron oxide and divided aluminium, which is used for 
carrying out the aluminium thermit process for welding purposes, 
is supplied under the trade name “ Thermit It is neither ex- 
plosive nor inflammable, and it may be heated to red heat with- 
out igniting. A distinction is made between ** Black ”, White ” 
and ‘‘ Red ” thermit However, this nomenclature has nothing 
to do with the appearance of the three kinds. The only difference 
between the kinds is that, ^depcnding on the purposes for w 
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they are to be used, they provide a more or less pure iron or more 
or less heavy flowing slag. “ Black ’’ thermit is for repairs and rail 
welding, “ white ’’ thermit only for heating articles, “ red ” thermit is 
used for the butt welding of pipes. Consequently, in “ white 
thermit the slag is heavy flowing, and in “ red ” thermit the iron 
is of low purity. 

The composition of thermit corresponds to that of a mild steel 
with a strength between 20 and 24 tons/in.^. One lb. of thermit 
supplies J lb. of iron, and | lb. of slag. The quantity of molten iron, 
however, may be increased by the addition of small spheres of iron, 
and its mechanical properties may thus be influenced. At the high 
temperatures which the thermit develops, additions of this kind 
may be permitted up to 50 per cent of the thermit mass. The addition 
of ferro-manganese, ferro-manganese silicon, and Spiegeleisen give 
the thermit greater density and a composition which is more like 
steel. The temperature of the iron which is obtained from mixtures 
of this kind is naturally lower than that from the pure thermit iron. 

For igniting the thermit an ignition mixture is supplied. A 
-quantity of -i to -15 oz. of this is sufficient for starting the reaction 
of as large a quantity of thermit as is desired. 

Welding Plant , — The equipment which is necessary for thermit 
welding is relatively simple. It consists of a so-called special crucible 
or tapered crucible, which is also termed a tapping crucible, in 
which the thermit is ignited, and, when pressure welding is employed, 
of a clamping and pressure jig which is arranged to suit any given 
purpose. Both sorts of crucible consist of a steel plate casing which 
is lined with magnesite. Special crucibles are simple plate crucibles 
in five sizes from 3 to 45 lb. The taper or tapping crucible is supplied 
in 12 sizes from 5*5 to 750 lb., as shown in fig. i. Fig. 2 shows, 
enlarged, the tappihg hole of the crucible which is ready for welding. 
At th^ base a magnesite block d is fixed in which is situated an inter- 
changeable thimble which contains a hole for the tapping pin /. 
Sealing is effected by means of a sealing plate c, under which is 
placed an asbestos disc b. The tapping pin is so fixed that it does 
not touch the asbestos disc. The iron plate is secured by a light 
blow from a hammer shaft, and on the top of this is placed a layer, 

to I in. thick, of coarse dry magnesite sand or powdered artificiaL. 
corundum. The thermit is ^en put in, and on the top of this is 
:9prinkled as much of the igniting mature as will go on the dp of a 
knife. After the ignition a plate cover k is put on. When the thermit 
tnixture has bhen decomposed, and this requires about 10-20 sec., 
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the pin / together with the pin lever g is raised, so that the thermit 
iron can flow out, followed by the slag. 

In special crucibles, emptying is achieved by tilting the crucible 
so that the slag flows out first, followed by the iron. The clamping jigs 




Fig. 2. — ^Tapping opening on 
taper crucible 


a, Magnesite sand; b, asbestos plate; c, steel plate; d, magnesite block; 
e, tapping thimble; /, tapping pin; g, pin lever; h, plate cowl. 


which are required in pressure welding will be described during the 
discussion on the application. 


Making the Aluminium Thermit Weld and its Uses 

Aluminium thermit welding has been used in: 

1. The repair of steel castings, iron castings, and forgings. 

2. The building up of rolling mill journals. 

3. The butt welding of pipes, bars, &c., and the local heating of 

steel structural members. 

4. The welding of rails. 

Small flaws in castings, such as blisters, holes and faults in 
appearance, may be easily removed in the way indicated in fig. 3 
by using a special crucible. The slag must be carefully removed 
and the article well heated. The hot thermit iron melts the faulty 
places and cools down, making an excellent joint with it. For large 
repairs a special crucible is preferable. For example, gear wheels 
are welded in the manner shown in fig. 4. The middle tootii 
shows the preparation, the left-hand one the welding, and the right- 
hand one the finished job. In addition, pressed supports, anvil 
blocks, &Cv, are weldedi 

If two fractured pieces are to be welded togethetj; the fractured 
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surfaces must be carefully cleaned and the fracture itself so widened 
that room is made for the intermediate cast. In addition to 
strengthening the weld zone, the thermit iron should form a rein- 


forcement or strap round the fracture, 
cast is made from | to 2 in. thick. 
The mould which has to be made 
consists of refractory sand, which 



Consequently a surrounding 



Fig* 3- — Repairing small flaws in castings 


Fig. 4 . — Repairing a pinion 


should be carefully dried. The process may be seen from 
fig. 5* The process has been used particularly on ship repairs. 
For example, the stern posts of ships are welded in this way. 

The aluminium thermit process has the same advantages in the 
repair of castings as the hot electric welding process, since with 
both processes broken articles, or those which are no longer useful, 
may be repaired. There is, however, the draw- 
back, as with cold electric welding, that the 
transition zone of cast iron and thermit iron 
becomes very hard, and is therefore difficult to 
machine, because after the original heating of the 
article relatively rapid cooling takes place after 
casting. The low silicon content of the cast iron 
and the high manganese content of the thermit aniciM 
iron intensify this effect still further. In alu- 
minium thermit welding there is also the danger, which exists to a 
greater extent than in cold electric welding, that, due to the local 
heavy heating during casting, especially if the article is not preheated 
sufficiently, stresses are set up which result in the formation of 
fresh cracks on cooling. Consequently it is seldom used for the 
repair of castings. 

. The thermit heating process has also, been used for tensioning 
slack diagonals in bridge construction . 

lAluminium diermit welding lu» found by far its greatest um in 
the wel<iiftg railway linm, espeacially those of electric tramwsys, 
but recently, to a very large exteait, in permanentrway work.. The 
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rail joint is the weakest point of the whole construction, and this is 
the cause of the greater part of damage to track. Since one is de- 
finitely limited in the length of rails because of methods of manu- 
facture and questions of transport, in order to reduce the number 



Figs. 6-10. — Rail welding with the combined processes 


of joints, several rails have been successfully welded together by the 
aluminium thermit process. A combined process of pressure and 
fusion welding is generally employed, and less frequently the fusion 
process is used if the rails have already been laid in concrete. In 
the combined process, the quantity of thermit is so measured that 
the molten thermit iron only flows round the bottom flange and 



Figs. II and la. — Clamping jig for rail welding 

I 

the web, and on cooling forms a strap round these, while the hot 
slag softens the top flange, as may be seen from figs. 6 to 10. At 
the same time, the welding of the top flanges, with an intermediate 
layer of mild iron, is carried out by butting the two together with 
the clamping jig shown in figs, ii and is; It is necessaiy to pre- 
heat with benzine. The process cannot be used for rails w^ch 
Have already been laid in concrete. In this case a cast is put round 
the bottom flange and the weh only, by means of the fiision process. 



PART IL— APPLICATIONS AND 
TESTING OF WELDED JOINTS 


CHAPTER I 

Introduction 

The newer welding processes, in addition to replacing the older 
pressure welding and forge welding processes, as well as brazing, 
have principally replaced folding, riveting and screwing for the 
joining of plates. In addition, they make it possible to manufacture 
objects in welded steel construction which were previously made 
as castings. 

The process of welding will clearly only be adopted for cases 
where advantages are to be achieved. The rapid and many-sided 
development of welding technology proves that this is the case in 
almost all fields of engineering. On the one hand, manufacture 
is cheapened in most constructions and consequently larger econo- 
mies are obtained with the new process without the quality of 
the product suffering thereby. On the other hand, savings in 
weight, which are of considerable importance, may frequently be 
realized. The quality may even be improved. Many objects manu- 
factured by welding are less sensitive in service to stresses and wear 
so that the maintenance costs are reduced. Repair work will always 
be easier than formerly and many repairs only became possible with 
the introduction of welding. 

Naturally the advantages of welding are not equally great in 
all the various fields of application. In every case, they will be 
increased the more the welding construction suits the peculiarities 
of the weld seam. The hew technolc^ has created a large number 
of new possible solutions. At the same time, it has introduced new 
' probleihs and new conditions for those who are carrying out this 
worh. Numerous mistakes have been due to the fact that riveted 



198 


WELDED JOINTS 


designs were adopted and used for welded constructions without 
being modified and at least as many mistakes have been due to the 
welder, the works engineer, and the accepting official not being 
sufficiently conversant with welding technique. 

It is therefore a primary necessity in welding that a skilled 
personnel should be employed which should be entrusted with all 
matters pertaining to this work. The designer must know how he 
should position his welds and what process he ought to select so 
that high quality may be obtained and large savings in material and 
working time may be achieved. 

The works engineer must primarily be capable of making the 
correct choice of equipment and machines and of taking great care 
in their maintenance. In many cases the local conditions will have an 
effect upon what equipment and what machines are to be preferred. 
In addition, the works engineer should supervise the work of the 
welder and be able to give him the necessary advice. In many cases 
he may have to train welders himself because of the present scarcity 
of good welders. It cannot be admitted any longer that a welder 
should be left to himself as was previously possible. Now that the 
welding of the most difficult designs has been undertaken, skilled 
works supervision must be specified as the principal requirement 
for the success of the process. 

The accepting engineer must primarily be in a position to judge 
the welding work which has been supplied. This is more difficult 
than with any other job because very frequently, with a finished weld 
seam, one cannot judge the internal state from the external state. 
The seam may appear very good externally, but inside it may con- 
tain various faults such as bad junctions, slag inclusions, hollow 
spots, burnt spots and insufficiently welded places, &c. In these 
circumstances, a bad weld forms a much greater source of danger 
than a badly fitted rivet, since bad welded joints frequently hold out 
for a long time in service and deceive one as being well made and 
then perhaps, after years, give rise to an accident. Consequently 
testing methods are of considerable importance in welding engin- 
eering. 

Due : to the extraordinarily rapid development of welding pro- 
cesses, too small a number of suitable and experienced engineers is 
available. Luckily, High Schools, as well as Technical Schools, 
have energetically taken up the training of welding engineers in 
recent years, so that it is to be hoped that this shortage will be re? 
moved in the near future. 
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Of equal importance to the training of an experienced body of 
engineers is the care which should be taken in guiding the Training 
of the Welder into new channels. One must be on one's guard against 
entrusting work, for which extraordinarily high quality is demanded, 
to unsuitable people. In general new welders to-day are taken from 
the ranks of metal workers and scientifically trained in works which 
have considerable experience and a suitable personnel available. 
Many have been trained, both practically and theoretically, by the 
training courses which have been established in recent years, e.g. 
those of the Verband ftir autogene Metallbearbeitung (The 
Association for the Autogenous working of Metals), in various towns 
and firms, in the State Railways, and in technical schools. In order 
to keep away unsuitable personnel the Gesamtverband Deutscher 
Metallindustrieller (United Association of German Metal Indus- 
trialists) in conjunction with the Fachauschuss fiir Schweisstechnik 
(Technical Committee for Welding Technology) of the Verein 
deutscher Ingenieure (Association of German Engineers) and the 
Verband fiir autogene Metallbearbeitung (Association for the Auto- 
genous Working of Metals), has formed a new working Committee 
for the training of welders, which is to set up standards for the train- 
ing and testing of welders in order to obtain a uniform basis on 
which to work. 

The ultimate aim of the Working Committee is to introduce 
manual instruction during apprenticeship years. This has already 
been started with success in various places. This procedure, how- 
ever, is to be regarded as a goal of the future. Neither during the 
present nor in the next few years will the large requirement in 
welders be adequately covered, in addition to which there are, at 
the present, certain difficulties in the carrying out of the evolved 
plan because of the old rights of trade unions. For this reason the 
deficit must first be made up from the ranks of allied tradesmen. 

From the regulations which are shortly to be expected, the 
accepting party will not only be provided with a means of keeping 
away unsuitable contractors and welders from highly responsible 
jobs, but a movement will be started in the direction of uniform 
conditions for all works which are engaged on welding work. 
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The Application of Welding Technology 

Before we discuss in detail the quality of the weld seam and the 
economic advantages of welding, it would appear advisable to give 
a short survey of the field of application. In this way it will most easily 
be seen that the advantages of welding technology are of the most 
varied kind. In many cases the high quality of the product will be 
important, as this ensures high strength or long life. In other eases 
cheapness of production will be the deciding factor or the savings in 
weight which have to be made will afford some special advantage. 

The following examples and the diagrams which are included 
cannot be considered as exhaustive among the extraordinarily large 
number of applications of welding. We will, therefore, refer to the 
“ Ausgewahlten Schweisskonstruktionen (Selected Examples of 
Welded Construction), published by the V.D.I. Verlag, which are 
appearing as a continuous series, arranged according to the fields 
of application, and which contain a large number of important 
examples. 

The first field to be occupied by welding was Repair Work, 
Even to-day it is far away the most important application, and one 
which provides the greatest economic advantages, and in which 
welding has become almost indispensable. Savings are primarily 
to be found in the fact that a large number of fractured, cracked and 
worn parts may be made serviceable at low cost and restored to their 
full value. Repair work is carried out to-day either by welding up 
fractures which have been well cut out, as shown in fig. i, or by 
the welding on of patches or by building-up welding. The last 
method Serves for filling up corrosion seams or for the strengthening 
of worn machine parts such as trunnions, shafts, guide blocks, &c. 
By means of building-up welding, and by the use of a hard welding 
wire, one may simultaneously ensure that the abrasion strength of 
the repaired article is increased, and hence wear is kept within 
nanrow limits. The cross head guide shown in fig. 2 wifi ^rve as 
, 200. , 
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an example. Frequently, to-day, a new member is provided with 
a hard built-up surface of this kind, as, for example, the cutting edge 
of excavator shovels, &c. 

Another field in which welding has been used from the early 
days is in the Construction of Containers. The advantage which is 
afforded in this field by welding is generally to be found in the eco- 
nomic piroduction of the joints which may be made more cheaply 



Fig. I. — ^Welded tyre on a locomotive Fig. 2. — ^Abrasion resisting built-up 

weld on a cross-head guide 


by welding than by riveting. In addition, however, for containers 
for liquids, gases, and steam, it is due to the fact that a good weld is 
absolutely tight and remains tight, whereas a riveted seam fre- 
quently gives rise to continuous maintenance. Welded containers 
of this kind are welded in the smallest sizes, as for tipping skips, up 
to the greatest sizes, such as gas holders. Welding is almost entirely 
used for containers for the chemical industry, and stainless steel, 
copper, or 'aluminium are generally used in order to prevent destruc- 
tion from external influences. Welded seams may also be made 
resistimt to rusting. (See figs. 3 and 4.) 
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The same remarks apply to the manufacture of pipes. Welding 
makes it possible to make simple welded connexions which are 
easier to keep tight than spigot and flanged joints. For branches 



Fig. 3. — Welded boiler for the chemical industry 


it is unnecessary to turn to expensive castings. (See fig. 5.) Erection 
is considerably facilitated and simplified. 

In Pipe Welding, the best workmanship is absolutely necessary. 
This is difficult since, on the one hand, welding has to be carried 




Fig. 4. — Welded copper vessel for the chemical 
industry 


Fig. 5. — Shaped pipe 


out in all positions, both in the vertical direction and overhead, and, 
on the. other hand, the running through of the filler material must 
be avoided, since in this way the pipe cross-section is reduced and 
resistances to ' flow are set up. Disintegration and erosion are ^ 
favoured by the so-called welding “ rag ” in the pip>e, A large piece 
of work in the fie^ of pipe line construction is the long distance gas 
line from the Ruhr to Hanover. The experience which was (Stained 
with a large piece of work of this, kind led to the drawing up of 
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Richtlinien fiir die Herstellung von Schweissverbindungen von 
Gasrohrleitungen von mehr als 200 mm. Durchmesser und von 
mehr als i atii Betriebsdruck (Draft Specification for the manu- 
facture of welded joints for gaspipes of more than 200 mm. diameter 
(8 in. approx.) and more than i atmosphere working pressure), 
which are published by the Fachausschuss fiir Schweisstechnik 
(Technical Committee for Welding Technology of the V.D.I.). 

In addition, pipes of large size may be manufactured as welded 
designs from plate more cheaply than the previous seamless type. 

The Tube as a Constructional Element has acquired a further 
importance because of welding. On account of its high buckling 
strength, a considerable saving in weight can be obtained by tubular 
construction as compared with section 
construction . F urther savings in weight 
may be obtained by dispensing with all 
connecting members. The result is 
that many joints are easier to make 
by welding tubes than by welding 
sections. 

In Aeronautical Construction^ where 
savings in weight play an important 
part, welding is therefore being , used 
more and more. (See fig. 6.) 

It seems doubtful whether tubular 
constructions for the building of steel 
structures, such as the roofs of buildings, bridges, &c., are an 
advantage since the extra cost of the more expensive seamless 
tubes, as compared with the much cheaper rolled sections, cancels 
it out. In this case, savings in weight are hardly likely to be a 
deciding factor. 

Welding has found a most extensive application in the Co«- 
structian of Motor Cars, A very great opportunity is provided for 
electric resistance welding, but fusion welding is also used. The 
following examples may be mentioned. The manufacture of rear 
axle shafts, cardan shafts, and differential housings, the front axle, 
portions of the body, such as the side members, roof, &c. Since we 
are dealing almost exclusively with mass production work, flash weld- 
ing and spot welding are the most important. In addition, in the 
Bight ^ese processes have acquired considerable inapoj:- 

tance. 

Sa^ihgs in 'Weight and cost imy be a<^ieved in by 



Fig. 6. — Tubular joint on an aeroplane ' 
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means of welding. The Admiralty has proceeded very logically with 
this work, and has progressively abandoned riveting in its con- 



Fig. 7. — ^View of inside of a welded barge 


struction. The savings in weight on this work are of considerable 
importance since the storage capacity of a ship may be considerably 



Fig. 8* — Welded bogie of a main-line carriage 


increased for the same weight. In merchant shipping and barge wori^ 
also, welding is beginning to occupy an impomtnt place. (See 
fig. 7.) 

It is only in recent times dmt we find weltfing being need for 
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Railway Work and for transport work. In this field, considerations 
of safety make important demands so that, up to the present time, 
welding has been excluded for members which are heavily stressed, 
especially on locomotives. On the other hand, numerous oppor- 
tunities are afforded for its use on carriages, especially since to-day 
steel is being used more and more in place of wood. Figs. 8 and 
9 * show an interesting type of welded construction in this field, 
namely, a welded bogie of a main line carriage and a completely 
welded goods wagon of large capacity. In recent years, the State 
Railways have gone over more and more to the use of welding in 
carriage construction, and also in the construction of locomotives. 

In Steam Boiler Con- 
struction, fusion welding 
is still represented to a 
much less extent than 
would be thought from 
the expectations which 
are raised here. The 
factors which oppose it, 
and which make it more 
and more difficult, are 
that the safety of human 
life depends to a large 
extent on the quality of 
the welded work, and that 
this quality at the present 
time may only be determined to a very limited extent after the 
work has been carried out. At the same time, even in steam 
boiler construction, the welding on of pipe branches, ends, and 
the welding in of pipes, the welding of water drums, &c., has 
been introduced. 

The welding together of boiler ends has been carried out by 
some firms with the aid of water gas welding, and has acquired 
considerable importance in the manufacture of high quality drums, 
for example. The application of fusion welding, on the other hand, 
was first carried out extensively abroad, and only in this country 
^after the straps, which were recommended by H6hn, premised 
increased safety. Instead of longitudinal straps which should always 
be avoided, since they only serve-to cover the main seam and prevent 

/ * The have been placed at mir disposal by die Wmnag und Waggon* 



Fig. 9. — Completely welded large capacity goods wagon 
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examination of it, and since they subject it to danger because of 
increased stresses due to the contraction of a large number of fillet 

seams, Hohn uses trans- 
verse straps which remove 
I the load from the main 

I seam by the introduction 

i of initial stresses, which 

I are set up during the 

I welding on of the strap 

I and further limit any 

! fracture which may be set 

up.’*' A design of this 
kind is shown in fig. lo. 
The extent to which the 

Fig. ,o.-Wat.r separator fitted with H6hr. strap. -for'. ^oilcrS is 

prwsure of 30 atm. (450 lb. /in.*) and 750* F .(400° c.) allowcd in Germany is 

governed by the Werk- 
stoff und Bauvorschriften fur Land- und Schiffsdampfkessel (Speci- 
fication for material and construction for steam boilers on land 
and in ships) as well as by the “ Bestimmungen fiber Anlegung 


I 



Fig. II. — Fnmcis turbine impeller 


Fig. 12.— -Casing for a chimney fm 


und Betrieb der Dampfkessel”. (Regulations concerning the instal-- 
lation attd op>eration of steam boilers) under section “ Schweissung 
und Bearbeitung im Feuer, IIIa, AUgemeines Ills, Bewcrtung 
von Schweissnahten (Welding and work, IIIa, General Ills, Assess- 
ing the quality of weld scams). Regulations for wdding are alk> 

• HlSw, '" Strap Wdding in Boiler Conetroction ”, Vol. S 

'69. ■ '■ ■ ■ 
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given in ** Die Richtlinien fiir die Anforderungen an den Bau 
von Hochleistungskessel (Regulations relating to the manufac- 
turing requirements for heavy duty boilers). 

The most numerous and the most varied opportunities of applying 
welding are, of course, afforded in General Machine Construction, 
The following examples may be mentioned. Jigs, bearing blocks, 
drums for ropes, housings, wheels, &c. To give examples for all 
these cases would be too much, and hence only figs, ii and 12 
have been included. 

The Replacement of Cast Iron Constructions by welded con- 
structions in machine 
construction, in electrical 
work, and in the manu- 
facture of machine tools, 
has been discussed in 
detail, as a very important 
field.* There is, indeed, 
no section in the manu- 
facture of new articles in 
which greater savings in 
weight and material cost 
can be achieved than in 
this. Since rolled steel is 
much superior to cast iron 
in respect of its strength 
and stiffness, the stressed 
sections may be kept 
much smaller with rolled steel than with cast iron, in spite of 
the alternating stresses which arise in machine construction. It 
should be mentioned that with cast iron the thickness of material, 
for reasons of casting technique, has to be made greater than that 
necessitated by the stresses to which the members are subjected. 
In this way, reductions of section up to 40 per cent may be achieved 
wi^ welded steel constructions. If it is further borne in mind that 
the cost of the weight of steel used, as compared with the finished 
article, is about 1-3, it is possible, by replacing cast iron colistruc- 
tions by welded steel constructions, to achieve a saving of 40 to 60 
jper ctut* The ' manufacturing costs of the steel construction are 
approximately equal to the machining costs of castings. 

f % Con^t^etion of MmMxm *\ Schmdm^Immsmn^^ 
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The Electrical Industry has gone over almost completely to the 
use of steel in place of cast iron for the manufacture of dynamo and 
transformer housings as well as for their baseplates, and fig. 13 
shows an example of this. 

In machine-tool construction the cast members of various 
machines have recently been replaced by steel designs which, be- 
cause of their greater stiffness, have the additional advantage of 
increasing the life of the tool. A design for machine tool construc- 
tion is shown in fig. 14. 



Welding has acquired considerable importance in Qrane Con^ 
struction which has gradually gone over almost completely to this 
type of construction.* 

The welding of Steel Buildings, building roofs, and bridges may 
be regarded as very promising for the future. If one previously had 
scruples in departing from the proved rivet for highly stressed con- 
structions of this type, the path has now been cleared by the Vor- 
schriften fiir geschweisste Stahlbauten (Specifications for Welded 
Steel Buildings) D.LN, 4100, which contain accurate data relating 
to materials, welding processes, calculations, structural design, and 
acceptance for buildings and bridges. 

The very important advantages of welding, as compared with 
riveting, in this field depend on the savings in material, weight and 
work. The first is obtained by dispensing with the coim^cting 

* Wuxtdram, HectncaMy Welded Cranes **, Schmmiecktdii^ dei 

Techmschm Zentt&Blatts, VoL 3, 193I, p. 3. ^ 


APPLICATION OF WELDING TECHNOLOGY 


209 


pieces such as gusset plates, which are necessary in riveting, and, 
in addition, the sections may be made lighter since they are no 
longer weakened by rivet holes. Moreover, it is unnecessary to 
make a flanged girder or a column as strong for its whole length as 
is necessitated by the maximum stress which may occur at one point. 
We have become independent of rolled sections and by welding on 
plates to the web plate we may give it any shape we may desire 
corresponding to the bending moment curve. The reduction in 
dead weight, which is achieved by the savings in weight which we 
have mentioned, leads in turn to lighter constructions. In this way. 







Fig. 15. -“Welded crane rail Fig. 16, — ^Welded shed construction 

construction 

with welded designs, savings in weight have been achieved which 
amount to 30 per cent of the riveted construction. The savings in 
work are to be found in dispensing with marking olf, drilling and 
drifting the rivet holes, and in the fact that for carrying out welding, 
only one workman is, as a rule, necessary, whereas in riveting, a 
riveting gang consisting of two to three men is required. The 
assembly of the parts is usually simpler in welding and may be 
facilitated stUl further by the use of suitable jigs such as has been 
suggested, for example, by Schnaucklen* In conclusion, a few 
diagrams may indicate the advance which may be made in steel 
construction. Fig. 15 shows the simplicity of the joints, fig. 16 

• SicitoucMer, Weldin^^ Technology in Steel Construction **, Ekktroschmis^ 


210 


WELDED JOINTS 


the construction of a shed, in which the excellent way in which the 
comers have been designed, should be mentioned, and fig. 17 
shows the first completely welded railway bridge of the Gennan 
State Railways. 



Fig. 17. — ^The first completely welded ntilway bridge of the German State Railway 


Finally, we should mention that welding has proved extra- 
ordinarily useful in the Strengthening of Riveted Steel Constructions, 
especially of bridges, and that welding makes it possible to carry 
out work without interrupting the service. 






CHAPTER III 


The Quality and Economics of 
Welding Processes 

Fusion Welding 

Quality of Fusion Welding 

In order to determine to what stresses welded seams may be 
subjected, comprehensive tests on workshop specimens of all kinds 
were carried out in the early days of the application of welding. 
Reference is here made to the fundamental tests which were carried 
out years ago by Hohn, Bock, Neese, Gollwitzer of the Forschungs- 
gemeinschaft fur Schmejzschweissung (Research Association for 
Fusion Welding, Hamburg).* After these tests had proved that 
successful welding could at last give the same, and frequently a 
greater, strength than riveting, one went over very rapidly to the 
use of welding in almost all fields. 

There is no doubt that the quality of the weld seam in fusion 
welding is dependent to a very great extent on the reliability and 
skill of the welder. At the same time, the quality of the w^eld is not 
only influenced by these factors, but also by a series of other cir- 
cumstances such as the properties of the welding wire and the 
peculiarities of the various processes, the position of the weld seam, 
in the construction, &c. Consequently, it is necessary to deal with 
these matters more closely because they are of great importance in 
the design and calculation of a construction. 

The “ Vorschriften fiir geschweisste Stahlbauten ” D.I.N. 4100 
(Beuth Verlag), (Specifications for Welded Steel Buildings) drawn 
up by the Fachauschuss fur Schweisstechnik, of the V.D.L, by the 
Ausschuss fSr einheitliche technische Baupolizeibestimmungen 

•Beck, Vet 4 (teas), p. 989. 

StM md Bum, Vel. 4a (19^2)1 p. 1001, 119a. 

ZnU^krift de$ Vermnm Vet 68 (1^24)* P* tits* 
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(E.T.B.) and by the German State Railway Company give infor- 
mation dealing with the Calculation of Welded Joints, The Regu- 
lations for Calculations may also be used for other work. For parts 
which are not stressed so highly, the permissible stresses may be 
chosen somewhat greater. 

Examples for the calculation of V- and X-seams, butt joints 
with fillet seams, lateral fillet seams, longitudinal fillet seams and 
lapped joints, have been made by Haas.* They are shown here on 
pp. 213 to 215 as figs. I to 19. 

Calculation guarantees adequate safety if the process and the 
material are correctly chosen, if reliable welders are employed, and 
if welding can be carried out under simple conditions. 

The following remarks should indicate what effect these primary 
requirements ought to have on quality. 

As far as the choice of filler material is concerned, it may be 
assumed that the conditions for the supply of welding wire which 
were mentioned on pp. 129 and 130 prescribe what values should be 
obtained with various welding wires, using normal constructional 
steel (St. 34 and St. 35), from a welder having average skill. In 
addition, they indicate that the choice of the process is of some 
importance, at least as far as ductility is concerned, since in general 
with arc welding the same quality cannot be achieved, in respect 
of this property, as can be obtained with gas welding. 

Tests have shown the way in which the process, the quality of 
the base material and of the welding wire exercise their effects. 
In the Technical Welding Research Department, a large series of 
tests was carried out at the beginning of the year 1931, on plates of 
approximately |, and | in.f in order to compare forward and 
backward welding in the gas welding process. 

It was shown that in respect of quality^ for horizontal single run 
junction welding, on plate thicknesses of to | in., backward welding 
is to be preferred to forward welding because of the savings in gas, 
time and filler material, especially when the seams could not be 
improved by hammering. 

As has been known for a long time, the position of the weld seam 
in th^ construction has considerable influence on the quality of the 
welding. Welding in an unconifortable position, in a vertical direc** 
tion or even overhead, must result in the welder^s ^Vork being pf 

• Haas, ** Selected Examples in Welded Construction VoL a, Machine Con- 
struction, pp. i to 3. (Berlin, 1931, V.D.L Verlag.) 

f Bardtke and Matting, “ Comparative Investigation on Forsvsar 
ward Welding^’, Aut^mte . VoU »4 (1931}, t}p. rS9 add x 





Permissible Stress on Weld Seams in Machine Construction 


Type of Loading 

Loading Class 

Permissible Stress 
in Tons/In.* 


I 

5-7 

Tension . . 

II 

3;8 


III 

i‘6 

Compression 

I 

II 

S'7 

3-8 


I 

5*7 

Bending . . 

II 

3*8 


III 

1*6 


I 

4-75 

Shear 

II 

3*20 


III 

1-30 


V-Seam 

a ^ 5 ^2S, 

„ / = 6 -(/, + /,). /. = /«= A in. 

Tension: P, = alkr. 

Bending horizontal edge in both directions; 
t ] Ml, = ^ ka. 

' -LJ Bending vertical edge in both directions: 

2X 

2 6 

On machined pieces, a — s and I ^ b. 



X-Seam 

a — 5 + Wi Wt I '35. 
li^ It = A in. 

l=.b^Xli + lO- 

trenskm and bending formnlee are the same a 
for the V-seam. 


The formulae given and the permissible str^ses only apply to arc 
welded seams made with bare ^ectrodes, on a straight steel, wim a carbon 
content of not more than 0*25 per cent. The use of a direct-current 
welding machine has also been pr^umed. 


(«W4) 


Dimeniioi» of* V- and X^Seams 

: , m 





Cmciforin Joint 


Tenisian: 

Pi — V 2 (a — 0'ls)lkT. 

l^b-Qi-V 4). 

For pieces machined on the sides, 

If the strength of the joint is 
the same as that of the tensile 
piece (steel 37, Ht — 22 tons/in. ^), 
a — 0*85^. 

Bending horizontal edge: 

Mb = = 2l(a - o-ii) (i + o-3sajfer. 

2 



I I laskr^ 


Rough rule: Ma - 
li the strength of the joint is the same as that of the bend specimen 
(St. 37, kr ~ 22 tons/in.*), a ~ 0-35. 

Bending vertical edge: 

PsX 


Ms^ 


0*23(0 — 0*Is)/*/jT. 


If the strength of the joint is the same as that of the bend specimen 
(St. 37, kr == 22 tons/in.^), a = 0-755 -j; -f o-i5 


Shear: 


P4 = 2(0 


OBI 

Rough rule: P4 


sb' 

1*5 alkf. 


O' is) Iks ^ 

_ p* 

2 or 


2ay + 39’ 


Tension: 

p = V 2{a — 0*1 s)lkT* 


Frontal Fillet Seam 

^ 


"-e: 




If the tensile piece (St. 37) and the 
weld (kr — 22 tons /in.*) are to have 
the same strength, we must have in 
the design of a normal seam s ^ s^, so 
that a ^ 0*7 5i. 


Side Fillet Seams 


li = crater = A in. 


Shear: 


P= 4 (O ~ O' 1 5) 


Ojj/ 


l.iiHimnna „ mmuM l 


P 
$b 

Rough rule: P 




2(rif + 39* 
_P 
40/* 

3oi^r. 


7 F j 


13 ^ 






If the straps and the weld are to have the same stren^ 
(St. 37, ka = 19*7 tons/in J}» in normal seams I f^b 


Figs. 5^1 2. Dimepsiona of cruciform joint with frontal and side Met seams 

W, -r " ■/ ■ ' 





Cruciform Joint— Welded on all Sides 





rii 


li 1 


h ~ li — /s — /e — in. 

~ Z4. 

1 % — s — /o. 

Tension: 

Pi— 2{a — 0-ls){li-{'l^kT* 

Bending horizontal edge: 

= (.a- 01s). 

2 

[/i(j + 0-7 a) + 0*23 5 *] 

Rough rule: 

Mb a (ifs -j- 0'2s^)kr. 


Bending vertical edge: 

Mb = = (a — 015 ). 

2 

[ 4(6 + 0-70) + 0‘23b^]kT. 

Rough rule: Mb a(bs o- 2 b^)kT. 






Tn 

Lk 




Lap Joint 

l^b-li-^h. 

/i = /t = Y®n in. 

Tension: 

P= 0-ls)lkT 

I + f 

Rough rule for u ^ 4s: P — vSalkr^ 


If the plate (St. 37) the weld (kr === 22 tons/in.*) have the same 
strength, a 0-655 for ii > 45. 


Cruciform Joint Welded on One Side 




=^n: 

-J* J H‘n 


tin 


T 


Bending (seam on tension side; surface of 
joint machined): 


Mb 

= |^(a — 4 - o*35a^ + ~ 

Rough rule: Mb ~ 0’83af5^r. 


Bending (seam on the tension side; surface of joint unmachined). 

Rough rule: Mb = o^^alskr. 

Bending (seam on the compression side): 

*“ P,a: __ /(a — o*i 5 )*|. 

Kf, 


Figs. 13-X9. Oimenilons of a cruciform joint weld on all sides and 

on one side; also of a lapped side \ 

m 
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poor quality. In order to obtain some clear idea of how great this 
influence was, tests were drawn up for this matter by the Welding 
Technical Research Department at Wittenberge. Electric arc 
welding was chosen as the process, and, in addition, two series of 
tests with I in. thick plates were carried out in order to obtain simul- 
tatieous comparative values between bare and covered electrodes, 
and with direct current and alternating current. 

With direct current and bare electrodes, angles of bend of 97^ 
were obtained with a horizontal V-seam, 82® with a vertical V-seam, 
and 81° with an overhead welded seam. The corresponding values 
with alternating current and covered electrodes were 93° with a 
horizontal V-seam, 115° with a vertical V-seam, and 97° with a 
V-seam welded overhead. It will therefore be seen that, in both 
cases, by using a good welding material, values may be obtained 
by a skilled welder which lie above those laid down by the 
conditions of supply for welding wires. It was further confirmed 
that better ductility figures could be obtained with covered 
electrodes. 

With reference to the tensile tests the result was different. In 
this respect, the following values were obtained for the tensile strength 
using direct current and bare electrodes and refer to the strength of 
the unwelded plate: 100 per cent for a horizontal V-seam, 94 per 
cent for a vertical V-seam, and 90 per cent for a V-seam welded 
overhead. With alternating current and covered electrodes the 
values were: 90 per cent for a horizontal V-seam, 90 per cent for a 
vertical V-seam, and 66 per cent for a V-seam welded overhead. 
The individual values of the range of tests with alternating current 
showed at the same time a greater variation than the series of tests 
with direct current. This may be due to the fact that the welder 
who was skilled in the use of bare electrodes and carried out ex- 
cellent work with them did not possess as much experience with 
covered electrodes. Later comparative tests, carried out by a special 
welder with covered electrodes belonging to a special fitm, however, 
did not give very much better figures. 

In any case, the conclusion may be drawn froni these tests that 
there Exists no reason to depart from the use of bare electrodes with 
steel of boiler plate quality (St. 37), as far as the strength and tight- 
ness of the joint are concerned. For overhead welding, the light 
flowing covered electrode must be classed as definitely unsuitable. 
For welding in the horizontal position, it requires a welder who is 
well versed in its use to meet the slightest difficulty which would 

; , , , t ’ ' ■■ ' ' ’ V.'" 
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impair the quality of the welding because the slag is difficult to drive 
out, whereas with seams which are slightly inclined or vertical 
it easily flows away, so that with seams of this type better figures 
may be obtained. 

The breaking tests were extended further to longitudinal fillet 
seams. With direct current for seams welded with bare electrodes, 
the shear strength for both horizontal and vertical welded seams lay 
well above that specified, which, according to regulation, should 
amount to 15-2 tons/in.^. With alternating current and covered 
electrodes only the vertically welded specimens were satisfactory. 
The horizontally welded specimens showed reduced penetration 
and slag aggregation at the root of the seam. 

Finally, breaking tests were carried out on lateral fillet seams. 
In this case, the horizontally welded specimens, using direct cur- 
rent and bare electrodes, were excellent, and they almost all broke 
in the parent material. The overhead seams, which were welded 
under identical conditions, also showed that they were fit for 
service. The vertical seams, on the other hand, showed that, on the 
average, they satisfied the requirements, and in this respect it is 
worthy of note that the seams which were welded from the top to 
the bottom were better than those welded in the opposite direction. 
With alternating current and covered electrodes the figures in all 
cases were below requirements. They were extraordinarily low in 
the seams welded in the horizontal direction. 

These results, therefore, show that seams may be welded over- 
head without further consideration. In the calculation of these 
welded joints, however, it must be borne in mind that their strength 
is less than seams welded in the horizontal or vertical position, and 
this is of greater importance if the work is not carried out by specially 
skilled welders. 

It was fundamentally proved by these tests that a sound weld 
seam always guarantees greater strength than a riveted seam in 
which it is customary to reckon on a strength of 60 to 65 per cent 
of the plate strength. 

As Jong as welded constructions were being dealt with in which 
only normal tensile, compressive, or bending stresses occurred, one 
was satisfied with these results of adequate strength, as compared 
with those in which the weld metal possessed a high degree of 
deformation in the cold condition. The view has frequently been 
expressed regarding low ductility, especially with arc welding, that 
this was less important than the strength, since with a seam having 



2 i 8 welded joints 

sufficient strength, the elongation was taken up by the adjacent 
base material itself. 

Since one has gone over, in recent years, to the welding of con- 
structions, especially boilers, which are subjected to rapid alter- 
nating or impact stresses, under which the weld seam made by 
former methods and previous practice is very brittle, one has to 
be careful to satisfy these requirements as well. 

In addition to raising the low ductility, the notch impact value 
of the weld metal which was previously almost non-existent, had to 
be increased to a value which would satisfy all requirements. It has 
always been possible with fusion-gas welding, in which a normal 
welded joint always possesses an impact value of 90 to 140 ft. Ib./in.^ 
inside the weld seam, to obtain a satisfactory impact value and 
elongation by subsequent annealing. This has the effect of refining 
the coarse structure which is less resistant to impact. Since it is 
impossible, however, to anneal unwieldy parts complete in a suitable 
furnace, the subsequent annealing was usually carried out by going 
over the finished weld seam with the flame of the welding torch. 
This may result in the danger that overheating of the weld material 
may take place and greater stresses may be set up in the article. 
From tests carried out by Buchholz * it has been shown that, on 
V-shaped welds, it was sufficient to weld on the underside, and on 
X-shaped welds it was sufficient to apply a thin top run on one side 
of the plate in order to obtain an annealing temperature, which 
resulted in an increase of the notch impact value to 550 ft. Ib./in.^. 
For both methods of welding, it is preferable to use the backward 
welding process to the forward welding process, since, due to the 
higher welding speed which may be obtained with the former, 
satisfactory heat treatment is obtained, whereas the slower forward 
welding leads more easily to additional overheating of the weld metal. 

For weld seams which are made by arc welding, nothing can be 
achieved by this method, ft is true that with this process the putting 
down of the top run results in a normalizing of the lower runs, in so 
far as the structure is refined by the heat treatment, but pores which 
are unavoidable in welding with bare electrodes, remain behind, 
or slag which usually occurs with the majority of covered electrodea 
is left instead. The notch impact value of an electrically welded 
seam is essentially lower than one welded with acetylene. With 
bare electrodes it amounts to scarcely more than 70 ft. 

^ Buchholz, ** A suitable auto^nous welding process for boiler and container 
construction Die WUrme, 5$ jfafvtgang (1932)^ No* =*2, p. 365* 
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Lightly covered electrodes behave similarly. The annealing of a 
seam of this kind generally results in an even lower value, generally 
about 35 ft. lb./in.2, which is only half the above figure, so that 
one is scarcely in a position to speak of notch impact value at all. 

The obtaining of a notch impact value of 460-550 ft. Ib./in.^, 
as is required for constructions which are subjected to rapidly alter- 
nating or impact loads, is entirely a question of electrodes. As was 
mentioned in the Section on “ The Welding of Steel ” in the first 
part of this book, it is only recently that there has been any success 
in the manufacture of electrodes which fulfilled all requirements in 
respect of notch impact value. Such electrodes are the heavy coated 
electrodes. With these electrodes, success has been achieved in 
that the structure of the weld zone, as well as the transition zone of 
the seam, is absolutely identical with the base material. Their use 
is, therefore, always to be considered where high notch impact values 
are required. 

ECONOMICS OF FUSION WELDING 

The total cost of a weld seam consists of; 

Wage charges. 

Costs of filler material. 

Power charges (gas or electric current). 

Supplementary charges (plant charges, interest, depreciation, 
transport charges, &c.). 

We will first discuss how the costs of welding compare with the 
costs of riveting, since this is of primary importance for the applica- 
tion of welding. 

Instead of the costs of filler material for the welded seam, we 
have for the riveted seam the material costs of the rivets and the 
overlapping and cover plates or the necessary gusset plates or angle 
irons, which are required for jbints of plates which are bolted to one 
another or which abut against one another at a corner. 

Strelow has made detailed researches into the cost of a welded 
seam as compared with a riveted seam.* The result may be seen in 
figs. 20 and 21^ Values were obtained from electric welding in 
shipbuilding and consequently they cannot unconditionally be 
adopted for other types of application. However, they form a good 
basis for calculation, since the special conditions operating for the 
♦ Stridow, " Maschincnbaw ”, (6) (iw)> PP* 54 «> 6^4- 
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individual fields of application primarily affect the wages costs, 
whereas material charges, power charges and supplementary charges 
on the other hand will in general only differ from one another 
to a slight extent. Additional charges will be added to the wages 
charges in welding, for example, in boiler construction where high 
strength and tightness is required from the weld seams or where 
welding has to be carried out under very difficult conditions. On 
the other hand, the wage charges will be lower when welding can 
be carried out at the welding bench or at least in a comfortable 
position. 



In any case, the curves given in figs. 20 and 21 show that the 
total cost of a riveted seam is considerably higher than that of a 
welded seam of corresponding strength. 

The saving in material is the decisive factor in welding, and this 
can be made more effective the more regard is paid in design to the 
peculiarities of welding. Om the other hand, the curves in fig. 20 
show that the wages charge in riveting is only higher than that in 
welding for plate thicknesses yp to about | in. and afterwards is 
less than the welding charge. This may be explained as follows: 
In welding the only items with which we have to deal are the marking* 
off of the plates, cuttings tacking and welding. In riveting, on /the 
other hand, we have to deal with the marking-off of the plates, 
drilling, countersinking and drifting of the rivet holes and the rivet- 





ECONOMICS OF WELDING PROCESSES Z2i 

ing, and in certain circumstances also with the bevelling of the 
edges of the plate and caulking of the seams. In addition, riveting 
requires three sets of equipment for the operations, namely, rivet 
heating, holding-up and hammering equipment, as compared with 
one set of equipment for welding, and this necessitates the co-opera- 
tion of several men as compared with one welder. 

This extra work in riveting is offset, however, on thick plates, 
since, in the welding of these, a longer time is necessary for the 



filling-up of the weld groove which increases in depth and width 
with the plate thicknesses. 

Strelow has also determined corresponding figures for fusion- 
gas welding. Since the introduction of backward welding, which 
has modified the conditions considerably in favour of this kind of 
welding, they can no longer be applied. 

Even if, as we have shown, the savings to be realized by the 
replacement of a riveted construction by a welded construction are 
considerable, the saving which can be made by applying welding 
to many other fields is very much higher. As an example we will 
compare the co^ts of a construction made by cast iron by the casting 
process and one made by welding from rolled steel with one another. 

Ujider ateerilating stress^ Ae permissible compressive stresses 
|e«74) $• 
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for steel and cast iron are not widely different. For tensile stresses, 
however, the spermissible stresses amount to 4-15 tons/in.^ for steel, 
but only 075 tons/in.^ for cast iron. Hence, neglecting the stiffness, 
17 per cent of the section of cast iron is required for steel. If it is 
more a question of stiffness than of strength, the section may only 
be reduced to 40 per cent. Since, however, the cost ratio per unit 
weight of steel and cast iron is i :3, the material charges for the steel 
construction are only 40 by ^ = about 13 per cent^of the cast 
iron construction. 

In addition, we have to add the savings in wages. The wages for 
welding correspond approximately to the wages which would have 
to be paid for the machining of the finished casting, and which are 
not incurred in the welded construction. Also the wages which are 
required for moulding and casting are saved. 

Finally, we have a saving of the cost of making the pattern which 
may prove very expensive, especially for single castings, but even 
in mass production work they have to be taken into account because 
of their depreciation and storage charges. Hence the replacement 
of cast iron constructions by welded steel constructions is one of 
the most economical applications of welding. 

A similar economic application of welding is to be found in pipe 
line construction to replace screwing. A few figures will have to 
suffice. A simple pipe joint utilizing a screwed sleeve costs about 
29*5 pence for a pipe of 3 in. diameter for wages, material and manu- 
facturing charges. A welded joint to replace it costs only 6 pence. 
The savings on complicated joints are even greater. The cost for 
a bend on such a pipe amounts to 57 pence for screwing and 8*5 
pence for welding. For a T-piece the figures are 67 pence and 9 pence 
respectively. 

Briefly therefore we can say that, to realize a saving by welding, 
one has to bear in mind the peculiarities of welding. The way 
in which a skilled designer may influence the cost may be illustrated 
by an example. 

A continuous fillet seam has the same strength as an interrupted 
one which is half as long but twice as thick. Since the volume of 
the seaxn increases with the square of its depth, the costs of a dis** 
continuous seam are multiplied by four by doubling the height, 
whereas they are only doubled by increasing the length. For eco- 
nomic constructions, therefore, ^e continuous long fillet seam is 
preferable to the interrupted seanit^f t^e same streng^ which should 
only be chosen when there are other reasons in its favour. 
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A careful design should also take into account the reduction in 
the number of movements by adopting the correct order of welding, 
and in this way contribute to a cheapening of the w6rk. 

The choice of the welding process, the filler material and the 
position of the weld is of much greater importance for the economy 
of welding than for attaining high quality figures. In addition, we 
have to deal with the difference in cost of power (generated gas, 
dissolved gas, electric current), and finally with the important in- 



Fig. 22 . — Gas consumption in cubic feet for i foot of weld for forward 
and backward welding ( ) 

Difference in gas consumption between forward and backward welding ( ) 

fluences which supplementary charges exercise, depending on the 
local conditions. The varying skill of the welder, which we have not 
taken into account, should also be remembered. 

Forward gas welding, backward gas welding and arc welding 
will now be compared. The values for gas welding were ob- 
tained from the series of tests which we have already mentioned, 
made by the Welding Technical Research Department at Witten- 
berge, and the values for arc welding are taken from the determin- 
ations of Strelow. 

Since wage rates are different in various places, the conclusiom 
are not based m wage charges, but on the welding time. In the 
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Plate Thickness^ Ins. 


Fig. 23. — Power consumption in kw.h. for 1 ft. of weld 


same way the consumption of power and filler material is dealt with, 
but the costs of these are not included. In this way the costs may 

easily be determined 

from case to case. 

Fig. 22 shows the 
/ gas consumption in gas 

j welding and fig. 23 

^ / shows the current con-' 

/ / sumption in arc weld- 

> / / ing. It will be seen 

® consump- 

i Y backward weld- 

J / / forward welding be- 
ts ^ /y ^ g-j cause of the increased 

I // -w II welding speed, al- 

1 « , -«slf though more gas is 

j required m unit time, 

since work must be 
out with a 

Fig. 24.-^cnuumption of weld wire in Ib./ft. of weld for larger flame. In addi- 
forwetd end baekwerdgM welding ( ) 

Differfloi^e in consumption of welding wire ill forward snd 
backward welding ( -). 

gas and electric cur- 
rent is inserted, the time costs for arc welding are considerably 
If, on the ot^er hand, the consumption in fillef nuifeml is coin<* 


Plate Tblckness>^ Ins. 

Fig. a4,-^on8umption of weld wire in Ib./ft. of weld for 
forward and backward gas welding (— -) 

Difference in consumption of welding wire in forward and 
backwaid welding ( -). 
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pared from the curves given in figs. 24 and 25, it will be seen 
that the backward welding curves come out better than the forward 
welding curves, and this is due to the fact that, in the former instance, 
the welding groove has to be made broader than with the latter. 
On the other hand, the consumption of filler material is almost the 
same for backward welding with gas and for arc welding provided a 
V-shaped seam is used, since the size of the angle of bevel for these 
two processes has to be made the same. 

The time required for welding may be obtained from figs. 26 
and 27. Fig. 26 shows how backward welding compares in this 



Fig. 25. — Consumption of welding wire in Ib./ft. of weld. Arc welding 

respect with forward welding. It wiU be seen that with a plate size 
of about ^5 in. a point is reached where the time required is the 
same for the two processes. Since the difference in power and filler 
material consumption almost cancel one another out, the costs of 
the weld seam for this plate thickness are almost the same. For 
thinner plates up to /g in. forward welding is cheaper. For thicker 
plates up to I in., if welding is done in one run, backward Welding, 
on the other hand, is considerably superior. The savings in time for 
backward welding, as compared with forward welding, amount to: 

For i in. plates about 22‘S per cent. 

For I „ „ . . . . . . about 58-8 „ „ 

For|„‘„ .. .. .. about 4S-2 „ „ 

Beating dtis in mind, the conditiohs relating to a comparison between 
fudon-gas welding as compared with electric welding from the point 
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of view of cost, have changed fundamentally from the early days. 
The opinion can no longer be held that arc welding is cheaper in 
every case. The output with fusion gas backward welding at least 
approximates to that of arc welding. A comparison of the curves 
in figs. 26 and 27 give the impression that, for heavy plates, the 
welding speeds vrith fusion-gas backward welding are considerably 
greater than those with arc welding. The figures mentioned, how- 
ever, cannot be directly compared, since the times obtained with 

gas welding were done on 
the welding bench, whereas 
the times with arc welding 
were obtained on practical 
work under unfavourable 
conditions. In the com- 
parison of direct current 
welding with bare elec- 
trodes and alternating cur- 
rent welding with covered 
electrodes from the series 
of tests made in the 
Welding Technical Re- 
search Department, Wit- 
tenberge, it was deter- 
mined that, in arc welding 
using direct current and 
bare electrodes, on f in. 
thick plates, 6*5 ft. of 
seam could he made in 
ftie hour, i.e. approxi- 
mately the same length 
of seam as in backward gas welding. As was mentioned, the tests 
were carried out at the welding bench. It may be assumed that 
the welding times for arc welding will always be less than those 
for the new gas welding process as long as only one run has to be 
put dovm,' but that the times of both processes approach one another 
more clbsely the greater the thickness of the plate and the greater 
the number of runs which have to be put down in arc welding, and 
finally that gas welding will come out slightly more favoursd)le. 

In the determination of costs, the costs of the power consumed 
will introduce modificatimis. The supplementary charge^ whidi 
are influenced to a large extent by load condition^ may furangly 



Fig. a6. — ^Welding speed t; ( ) and welding time t 

( ) for forward and backward gas welding, de- 

pending on plate thickness. 

Difference between forward and backward 
welding ( ^). 
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influence all determinations, and these will be discussed later.’ We 
will now show what variation in the cost of welding is called into 
play by welding in various positions. 



Fig. 27. — Welding speed for i ft. weld. Arc welding 

N.B. — ^These rqpults were obtained in 1927; values obtainable to-day 
are about 5 per cent less than these 


The results which were obtained on a series of tests of f in. plate 
with arc welding in the horizontal, vertical and overhead positions, 
and which were mentioned above, are as follows. The output 


amounted to: 


Horizontal V seam 
Vertical V seam . . 
Overhead V seam 
Horizontal Fillet seam 
Vertical Fillet seam 
Overhead Fillet seam 


Direct Current Alternating Current 
and and 

Bare Electrodes Covered Electrodes 


673 ft./hr. 

2-22 ft./h. 

S-4S » 

2-35 » 

3-97 .. 

1-36 „ 

18-3 „ 

5-87 .. 

iS-6 .. 

611 „ 

14-35 » 

8-35 i> 


It dtould be noted that, in die^ tests, no importance was attadied 
to the welding speed as primarily the strength vsdues of the specimens 
were to he determined, that is to say, quality was of primary impor- 
rimce. In ^ite this, the ccmfirm that, for vertical and 
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especially for overhead seams, considerable increases in the welding 
time had to be made to that calculated for horizont^ seams. In 
addition, it may be clearly seen that the widely held view that higher 
welding speeds, as measured by the total quantity of material melted 
down, could be obtained with covered electrodes because of their 
fluidity and stabilizing effect on the arc, does not apply. Where a 
run has to be put down in an inclined position, and where the slag 
can easily run away, the welding speed for covered electrodes will 
be greater. Where several runs of welding have to be put down 
one on top of the other, considerable delays occur, as compared 
with welding with bare electrodes, due to having to knock off the 
slag after putting each run down. On horizontal and overhead runs, 
on the other hand, the welder loses time by using covered electrodes 
because he has to drive the slag, which is formed from the covering, 
out of the fused bath. 

In conclusion, since the price of covered electrodes is many 
times greater than the price of bare electrodes, conditions are more 
unfavourable towards the former, as is shown from a comparison of 
the costs based on i ft. length of seam. From our tests the following 
figures were determined: 

{Translator's Note . — Costs have been converted from marks at 
the old parity, viz. i R.M. = 12 pence). 


Horizontal V seam 
Vertical V seam 
Overhead V seam 
Horizontal Fillet seam 
Vertical Fillet seam 
Overhead Fillet seam 


Direct Current 
with 

Bare Electrodes 


god. 
10- 2 d. 
i3-3rf- 

TSd. 

3-7flf. 


Alternating Current 
with 

Covered Electrodes 
25- 4d. 

28-23. 

45-7d. 

10-73. - 
10-93. 
r^$d. 


For bare electrodes a price of i-63./lb. has been inserted, and 
for covered electrodes a price of ii3. 

The very striking high costs for the overhead V-seam with 
covered electrodes may be explained by the fact that a very large 
angle of i2o° had to be chosen in order to be able to drive the slag 
put at the sides, so that the consumption of filler material was very 
large. On the other hand, in all other cases, even with overhead 
welding with bare electrodes, an angle of bevel of 6o° Was sulfieient. 

It still remains to discuss , the efiPect of supplementary 
Accurate figures cannot be given here. These coito may diffw: very 
yridely, dependmg on rite c^ whkh have tp be p«n* 
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sidered in welding; and in certain circumstances they may have a 
decisive effect on the choice of the process, and this effect may 
exceed in importance the previous factors which have been 
discussed. 

Some examples will be given in which this factor appears. 

If welded joints have to be made on a stretch of railroad track, 
consideration must be given as to what source of power is the cheapest. 
The welding converter or transformer is essentially the cheapest to 
run. Gas from acetylene generators or cylinders is more expensive, 
because of the high cost of carbide. In ordinary circumstances it is 
quite uneconomical to take current from the mains with the aid of 
a resistance. For the aforementioned case, however, this is the one 
which is the most advantageous provided that current may be 
obtained over the whole length of railroad track. The resistance is 
easy to transport; a source of gas is not so easy; a welding converter 
is very difficult to transport. Hence, in this case, transport charges 
play a very important part. In addition, the cost of a resistance 
and also the cost of a generator is small. Since the welding time, 
however, only amounts to a few minutes, and is interrupted by long 
pauses, the time during which the supply of current is used is very 
small. The plant interest and depreciation charges reckoned on the 
short welding time, therefore, exercise an effect which completely 
overshadows all other welding charges in favour of the cheapest 
source of current. 

The time during which the current supply is used always plays 
an important part, and should never be left out of account in calcu- 
lations. Welding converters are always very much dearer than 
acetylene generators. The difference in price increases when we are 
dealing with a large number of welding points, since a converter 
has to be provided for every point, but only one large generator 
is necessary. If the converters are not permanently in use, the gas 
generator, in spite of the higher cost of energy, especially for low 
welding outputs, may be the cheaper. The converse may just as 
easily be true if other conditions obtain. If the welding points are 
situated far apart, generators may require extensive pipelines which 
make the plant expensive. The use of separate converters is then 
cheaper. Other differences can also be mentioned which depend on 
the locality. These may influence calculations in respect of supple- 
mentary charges, and may have an effect on the determination of 
The difficulty of assessiiig is also increased by the fact 
ffiat i^ere is no accounting basis available for welding purp^ses^ 
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such as has been determined for other operations, and which have 
been published in the form of Refamappen.* For the same reasons, 
therefore, the previous remarks dealing with the economics of 
fusion welding should not be interpreted literally by assuming the 
values which have been given apply in all circumstances. The re- 
marks on the examples given should only serve as a guide as to 
what should be taken into account in calculatiohs, so that the savings 
on a welded joint may be as large as possible and not adversely 
affected by wrong assumptions. 

Pressure Welding 

{a) Quality of Pressure Welding 

In pressure welding the conditions are considerably simpler. 
Apart from forge welding, we are concerned here with mass pro- 
duction or the repair of simple parts from which simple specimens 
for fracture and bend tests may easily be taken, so that reference to 
the entire series of operations is possible. In addition, numerous 
tests have shown that, in the electric resistance welding process, 
welded parts generally have the same strength as the base material. 
Bad welds are rare since the welding process depends only slightly 
on the reliability and experience of the welder, and the effect of filler 
material does not arise. The extent of the heating is the only in- 
fluencing factor. 

Upset and Flash Welding . — It may be shown, however, that in 
the upset and flash welding processes, welded parts have a lower 
ductility than forge welded ones. Unsuccessful attempts have been 
made to overcome this drawback by subsequent treatment. The 
comprehensive tests which were put in hand as early as the year 
1924 by the A.E.G. in co-operation with Fuchsel, are of funda- 
mental importance when deling with this matter. These tests, 
however, showed that the quality which was obtained from the two 
processes of upset welding and flash welding was different, as was 
mentioned during the discussion of the processes. Additional tests 
showed that: \ 

Annealing in the machine had no effect on the breaking strength 
of the weld. 

* Puiblished by Rei^ausschuss fUr Arbeitszeitermitd^liig, 

Verlag. (Traml4tor*s Note . — ^These are |!^ublicattoiis fr^m wHidu eestB iibii 

operating times may be assessed.) 
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Hammering flush in the machine had a harmful effect on the 
breaking strength of the weld. 

Hammering on an anvil at red heat led to serious damage of 
the weld. 

Butt welding on small sections proved to be more satisfactory 
than on large sections, as far as their breaking strength 
was concerned. 

The cause of failure of butt welding on heavy sections is 
apparently due to the processes which take place at the 
centre of the welded article. 

The flash welding process is superior to the upset welding pro- 
cess as far as breaking strength is concerned, and is less 
dependent on the size of the section. 

From cold bend tests and impact bend tests it was, therefore, 
concluded that: 

Annealing in the machine had almost no effect on the ductility 
and the capacity for bending. 

By hammering flush in the machine, and especially by hammer- 
ing on the anvil, with the accompanying annealing in the 
machine, a weld was very seriously damaged in respect of 
its ductility, and its ability to resist deformation. 

Welds were obtained by means of the flash welding process 
which were superior to upset welds in respect of capacity 
for bending and ductility. 

Spot and Seam Welding , — Spot and seam welding processes may 
be contrasted with riveting since they replace it in the joining of 
thin plates. There are no extensive tests which are known in which 
the strength has been determined. They are, however, unnecessary. 
Anyone may convince himself by breakage tests that spot welded 
plates seldom or never fracture in the weld, but as a rule in the full 
plate, whereas in riveting, the fracture almost always occurs 
through the rivet hole. In this respect, therefore, spot welding is 
very much better than riveting. The results of seam welded plates, 
however, are not so good, and these may even fracture in the seam 
due to faulty workmanship. 

' As has already been emphasized in the Section on ** Pressure 
Welding Processes these processes are still in the stage of de- 
veloj^ment. Recent machines hive ' given better results^ though 
only on very limited plate thicknesses* Further improvements in 
the itocess^^ m be expected. 
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( b ) Economics of Pressure Welding 


Upset and Flash Welding , — ^Although electric butt welding is at 
least as good as forge welding, even if it is not superior to it, in 
respect of its strength properties, it is very much superior to it in 
respect of its cost. How great this superiority is depends on the 
output of the welding machine which is used. The supplying 
firms give accurate data on the performance of their machines, and 
this may be taken as being absolutely reliable. The performance 



Fig. 28. — Consumption of coal in lb. for forge welding and of elcctric^cnergy 
in kw.h. for electric butt welding. (Top curve, forge welding) 


may very easily be assessed by tests. Figs. 2S-3i give, operating 
curves which come from the A.E.G. They permit of a satisfactory 
comparison between electric and forge welding, and show that not 
only is the consumption in coal and heat units very much less for 
the former, but they also show that the time required for welding 
is also very much less. Fig. 31 shows how the costs of electric 
welding compare with those of forge welding. 

At the same time, it should be borne in mind that we are dealing 
here with pure operating costs, and that these do not contain the 
charges which are called into play by interest, depreciation, and 
maintenance of the welding machine. If there is not sufficient wrk 
available for the machine this may be the deciding factor so that 
single jobs or the manufacture of a few parts or ffiose which differ 
considerably in shape may be cheaper wiffi forge welding. Electric 
welding, therefore, is only economical on mara production. 
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Fitf. 29. — Consumption in B.Thr.'U. for forge welding and electric bun 
welding. (Top curve, forge welding) 

1 lb. furnace coal ==> 1 1 ,000 B.Th.U. 30,000 B.Th.U. per t kw.-hr. 
1 kw.-hr. «= 3400 B.Th.U. 



Fig. 30. — ^Time required on forge welding and electric butt welding 
(Top curve, forge welding) 

It should not be forgotten that a whole series of other advantages 
k allied to electric welding, and this we have already mentioned 
i|i the discussion on * * Butt Welding " in an em'lier Section. 
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Fig. 31.— Costs of forge welding and electric butt welding 
(Top curve, forge welding) 

I working hour « 7*2 pence. i lb. furnace coal = 0*22 pence. 

I kw.-hr. **» 3*00 pence. 



32. — 'Energy consumptiosi and time required tor spot and seam welding 


spot and Seam Weldit^. — Fig. 32 shows the ouq>ut curves' 
supplied by the A.E.G. for spot aad seam welding, and from these 
die costs may easily be estimated. How advantageous spot welding 
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is may be seen from some examples which have been put forward 
by Goldmann in the Special Number “ Welding Technology ” of 
the V.D.L 1921. He gives the time required, and the operation for 
two plates tacked with four spots as follows: 


Tacking and setting up the two parts 

Time 

2*9 sec. 

First welding spot 

10 „ 

Changing and second welding spot 

1-2 „ 

Changing and third welding spot 

• • »» 

Changing and fourth welding spot 

1-2 „ 

Removal . . 

0*5 „ 

Total time 

8*0 sec. 


Output per hour — 450 plates with four spots. 

Electrical Energy consumed — i K.W.H. for 3500 spots or 875 plates. 

It must be pointed out again that the savings are seriously 
affected by the cost of the machine, and can only be realized on 
mass production work. 




CHAPTER IV 


Testing Methods* 

In pressure welding, the work which is carried out mechanically 
and without filler material ensures, in the majority of cases, adequate 
safety in respect of strength and quality of the joint. Subsequent 
testing of these qualities is easily possible by simple testing methods 
such as tensile and bend tests on individual pieces taken from the 
finished article. On the other hand, in fusion welding, conditions 
are very different. In this case, the properties of the weld seam are 
not only dependent upon the choice of the construction, the proper- 
ties of the base and filler materials, but to a great extent on the 
skill and reliability of the welder. Depending on the workman who 
is doing the job, the same weld may show different properties. 
Hence the importance of testing methods in fusion welding is 
considerable. 

If weld joints have to be tested, various processes may be em- 
ployed corresponding to their position and the purpose for which 
they are to be used. 

The most useful are such tests which make it possi|)ie directly 
to test the skill of the work and the strength of a weld construction 
as a whole. Those processes are to be preferred which allow the 
test to be carried out without destroying the weld joint. In certain 
circumstances, we have to deal with spot tests with a partial de- 
struction of the weld. 

Indirectly the suitable manufacture of welded joints may be 
ensured within certain limits by testing specimen work, and in this 
case it is usual to destroy the weld seam. Moreover, in this way, 
information may be obtained regarding the quality and suitability 
of the #elded material as well as the skill of the welder. 

Finally, such indirect destructive tests of the weld may enable 
one to collect data regarding the stresses to whiqh one tnay subject 

• Kemper, Critical Commentary on Toting Methods for Wdded Seams 
Autpgme MeUUWearbeituttgt Vol. a| (1930), pp. 119, atS, a34 md ass* 
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the weld seam under certain provisions, or what is the best place 
at which to put the weld seam in the construction. 

With these points in view we will discuss the various testing 
methods more closely in the following pages. 

Direct Testing Methods without Destroying 
the Weld Seam 

To the first group belong the testing methods which are in 
general use in engineering practice and which have previously been 
described for definite jobs, such as hydraulic pressure, steam pres- 
sure or air pressure tests for boilers and containers, and loading 
tests for structures and bridges. Pure pressure and loading tests 
cannot be regarded as final for welded joints as long as we are in 
our present state of vagueness regarding fatigue phenomena. The 



Fig. I. — Good gas welding 


Fig. 2. — Bad gas welding 


compilation of testing methods for this subject would appear to be 
one of the most urgent research problems of the future. 

The quality of a weld seam may be confirmed by a series of 
special methods without destroying it. The examination of the weld 
seam and its External Appearance may be classified as one of this 
type. The value of this process should not be disregarded. It will 
be possible in many cases for an experienced welding engineer to 
obtain definite conclusions from this method regarding the character 
of the weld. In this way, overheating of the structure, pores and 
slag, in' so far as they manifest themselves externally, may be recog- 
nized, as may also be the cleanliness of the weld, the speed of 
welding, and the process. Hence conclusions may be drawn re- 
garding the condition of the weld. Figs. 1-4 afford examples on 
this point, and illustrate a good and a badly welded seam done 
by gas welding and arc welding. The points of difference may be 
easily recognized. The gas welded seams are done with backward 
welding. It is worthy of note that the appearance of these seams only 
differs slightly from the electrically welded seams, the only eietema] 
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feature of which is to be found in the scattered splatters of metal. 
Figs. 5 to 7, and 7 to 12 show further examples. It is, how- 
ever, by no means impossible for a seam which is externally quite 
satisfactory not to fulfil the requirements, in spite of its external con- 
dition, The determination of the hardness may be regarded as supple- 
mentary to a test of this type, and from this test the approximate 
tensile strength may be calculated. The Brinell Spherical Com- 
pression Test, which is usually used for this purpose, consists of 
pressing a steel sphere of a definite diameter at a prescribed pres- 
sure into the surface of the base material for a period of time which 

is also specified. The hardness 
of the material may be deter- 
mined from the diameter of the 
impression, and the tensile 
strength may be calculated, 
with fair accuracy, from the 
hardness number. Shore’s re- 
Fig. 3 — Cood arc welding bound hardness test, with the 

aid of the scleroscope, is of con- 
siderable importance for the 
investigation of built-up welds, 
since, unlike junction welds, 
they need not have high ten- 
sile strength but should show 

Fig. 4.-B.d.rc welding rcsistancc to abrasioH. 

The most important testing 
methods for junction welds will now be discussed. 

The suggestion has emanated from the University of Wisconsin 
that the weld seam should be surrounded with a small dam of putty 
and Hot Petroleum should be poured oVjer it. The liquid flows into 
the flaws of the seam and indicates lack of tightness resulting from 
pores, &c. The process is the most severe of its kind for testing 
tightness, but it gives no definite information about the strength 
of the weld seam. 

In addition, a process ^sed on Acoustic Principks has been re- 
commended by the Americans, Dawson and Kinzel. With the aid 
of a listening instrument, similar to a stethoscope, consisting of 
a rubber sound receiver, two tubular leads and ear fittings, dif- 
ferences in tone which are set up if flaws are present, on striking the 
scam with a hammer have been registered. The process is to 
have proved successful for the testing of boilers, tubes and phi^r 



Fig, 4. — Bad arc welding 




testing;methods 


239 



Pis'* S* — Unhammered and fig. 6 hammered gas weld forward welding 



Fig. 7. — Gag forward welding 



Fig. 8. — Correct current strength Fig, 9. — Current too low 
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, From the results obtained on the testing of steel constructions, the 
report was less satisfactory, since in these, elastic oscillations vary 
considerably in their effect. Tests made by us were unsuccessful. 

The Magnetic Testing Method which has been worked out amongst 
others by the Frenchman Roux, is based on other principles. The 
specimen in this test is laid in a magnetic field, and iron fillings are 
scattered on a sheet of paper laid on top of it. Where a flawless 
seam exists the iron fillings distribute themselves uniformly. If 
the welded seam, however, contains cavities, slag inclusions, or 
junction flaws, the iron fillings congregate at these weak spots, 
which set up a high reluctance to the magnetic flux in such a way 
as to cause a diminution in this reluctance. The process has the 
drawback that it cannot be used for testing vertical or overhead 
seams, and in addition, it cannot be used for investigating non- 
magnetic objects. Material stresses, an irregular structure in the 
material, or non-uniform reinforcement of the weld run, disturb 
the test and make it unreliable. 

Electrical Testing Methods are another type of test. One has 
been worked out by the American Sperry. This test was at first 
used for determining material flaws in railway lines, but it can be 
converted for the testing of weld seams. It consists essentially of 
passing a heavy direct current through the article which is to be 
tested. The article is then traversed with three exploring brushes, 
between which two primary coils of a transformer, wound in oppo- 
site directions, are coupled. If a fault occurs between two brushes, 
and if in this way one coil is more strongly excited than the other, 
the secondary coil Vv^hich belongs to both primary coils is excited, 
and an indicating instrument is operated. Reports of the process 
vary considerably. 

The view has also been expressed in Germany that a handy 
workshop testing equipment could be obtained based on this or 
a similar principle. Unger has initiated tests in this direction at 
the Technical High School, Brunswick, and is said to have evolved 
serviceable equipment, which may be used for the testing of butt 
welds and fillet welds, based on Electromagnetic Principles. Details 
about it, however, are not yet known. 

The process for investigating welded seams without destrcfying 
them, which up to the present time has given the best results, is 
the process of Radiation with X-^Rays.* It certainly has the drawback 

♦ Kantacr, ** The Most Recent Tests with X-Rays in Welding Technology 
Mieetrotechmk md Masekambm^ Vol. 4O (Z92S}, p, 495. 
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of being expensive as far as equipment is concerned. The appli- 
cation of X-Rays for the testing of materials is nothing new. Several 
processes of this type have already been scientifically developed. 
Among these may be mentioned crystal structure analysis, chemical 
analysis, and the radiation of materials, which, as has already been 
mentioned, employs hard, short rays. At the present time this is 
the only process which is of importance for the investigation of 
weld seams, but experiments are in process for making crystal 
structure analysis suitable for testing welds. 

The process of radiating with X-Rays is based on the fact that 
a photographic plate or a screen is more intensely illuminated the 



Fig. 13. — Illustration of the impedance o various plate thicknesses to the passage of X-ny 
R, X-ray tube; E, steel construction; S, weld seam; E, film; B, X-ray photograph. 


less the resistance which the X-Rays meet when passing through 
the article. The variation in the resistance set up by varying 
material thicknesses in the article may therefore be observed. 
(See fig. 13.) 

The varying density of the nuterial, depending on its atomic 
weight, also causes differences on the photographs. Aluminium is 
the easiest material for X-Rays to pass through, and it shows the 
brightest surfaces on the photographs. It is followed by cast iron, 
steel, and fmally by copper, which affords the greatest resistance 
and produces intensely dark portions on the photograph. For 
(duminium, cast iron, imd steel, the exposure times are so short that 
the pictures of thin plates may be projected on the scieen. For 
thic^r plates and for materials which are difficult to penetrate, a 
photogtaphic picture employing a short or long exposure may be 
made, tmd this is also necessary if a fsulty place is discovered on 
the/'''8cremi, 
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As applied to welding, slag inclusions, burnt portions, cavities, 
bad joints, graphite aggregations, or cracks may either be seen on 
the screen as bright spots or on the film as dark spots, since they 
allow the X-Rays to pass through more easily than the base material. 
A photograph of this kind is shown in fig. 14, and no further 
explanation is required. Figs. 15 and 17 show what clear con- 
clusions an expert may draw in this way from the X-Ray photo- 
graph. They show the radiation of a good and a bad weld in steel 

both in elevation and section. 
The depth at which faulty 
spots lie may definitely be 
determined by radiating at an 
angle (see figs. 18 to 20). 
Oblique radiation may also 
be used with advantage in 
order to discover junction flaws 
on the bevelled surfaces of 
V- or X-shaped weld seams. 
The determination of the depth 
at which faulty spots lie 
is facilitated by stereoscopic 
photographs, which are already 
well - known from ordinary 
photography. Fig. 21 shows 
an X-Ray photograph of a 
built-up weld and shows that, 
in the weld reinforcement, a 
number of small blow-holes is 
present. From fig. 22 it may 
clearly be seen how important 
and significant X-Ray radiation can be for discovering serious 
damage. The figure indicates a contraction crack in the weld 
seam of a copper firebox which was hidden from the outside. 

By examining X-ray photographs faulty places may easily |be 
determined with a little practice. If the course of a crack or the 
position of a blow-hole on the inside of an article is to be accurately 
determin^fed, measurement with the naked eye is frequently in- 
sufficient for its determination, especially since the sensitivity of 
the observer to brightness varies and is frequently subjected to 
external influences. The Density Testify Method^ for the deyele^ 
ment of which we have especially to thank M. Schwarz^ serv^ m 



Fig. 14. — X-ray film of a weld with various flaws 
which are met with 

£ 7 , Base material; S, weld; i, weld badly joined 
(sharply defined transition zone); 2, gas blow-hole 
(dark, sharply outlined spots); 3. blow-hole with 
dag inclusions (dark, blurred spots); 4, crack 
(dark, sharply outlined line); 5, graphite aggrega- 
tions (dark haze). 
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a useful auxiliary in the judging of X-ray photographs.* As is 
shown in hg. 23 it is based on guiding the X-ray negative ^ on a 
travelling table h under an illuminating device, in such a way that 



Figs. IS and i6.— X-ray photograph of a good (left) Fig. 17.— X-ray photograph of a 

and a bad weld on steel (right), plan view. good (above) and a bad weld on 

steel (below). Oblique photographs 
of the section. 

the pencil of rays which is sent out from the source of light passes 
through the X-ray negative while it goes by, and after it has passed, 
can impinge >on the photo-electric cell i. In this way, the latter is 
excited and controls the current in accordance with the density 



Figs. x8-*ao. — D^terminatioh' of the position of flaws by oblique radiation 
JR, X-ray tube; W, material; F, film; 00^ faulty spots. 


variations of the X-ray negative, which has been illuminated, so 
that the mirror galvanometer d is made to give a strong or weak kick. 
These kicks are registered as curves on a photograph with the aid 

* Kantner and Herr. “ X-Ray Metfaoda for Volume Measurem^tts of Faulw 
Spota in Material dat V«remit Jeutseher Ittf'emeUrt, Vol. 73 (ipap), 

■:p. 8**.,' ■ V • 1". . 
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Fig, 21. — X-ny photograph of a built-up weld taken from the aide 



Fig. 22. — ^X-ray photograph of a boiler weld showing a contraction crack 


of a pencil of rays 
coming from the source 
of light /. In this way 
we obtain a photo- 
graph of the variations 
in density, that is, the 
densogram. c of the 
material which is to be 
investigated. By in- 
creasing the voltage in 
the current circuit of 
the generator a, or by 
increasing the strength 
of the source of light e, 
any desired density of 
negative at the best part 
of its characteristic tnay 
be obtained. 

Figs. 25 and 26 show a practical example of a densogram. By 
means of the curves in %. 26 the sizes of the faulty spots may satiB^ 
fectorily be determined from their width and dqpdt. 



Fig. 23. — Scheme illustration of a Janus X-ray densograph 
for testing materials 

a, Cutipat supply; b, illuminating equipment; c, indicating 
paper; d, galvanometer; e, source of light; /, lamp for galvano- 
meter; g. X-ray negative; A, sliding table; t , photo-electric cell. 



TESTING METHODS 


245 


The first X-ray plants which were put on the market were very 
expensive and of such a size that they could only be erected as 
permanent installations. Modern plants, such as that shown in 



* Fig. 24. — X-rxy photograph of a steel casting 
The dark spots are blow-holes in the material: } natural size 



Fig. 25 .- 


-X-ray photograph shown as a sketch. Densographic 
photograph taken of fig. 24 (■— > ■■ < --) 

the limit points of the faulty spots 


fig. 27, are not only considerably cheaper, but have also been con- 
structed so as easily to be made portable and may, therefore, be 
taken to any desired place for testing welds. 

It is, however, impossible to determine stresses in the material 
by this method. 

Having discovered 
in X-ray radiation 
such an excellent 
means of accurately 
determining flaws of 
various kinds in the 
weld seam, a method 
in which only the size 
and unwieldiness of 
the X-ray equipment 
provided certain diffi- 
culty, it was a short 
step to employ the 
electro-magnetic radi- 
ating waves, the so- 
called “Gamma Rays’’, which are emitted from the radio active 
elements, for the same purpose in order to overcome this drawback. 
Since Gamma Rays are very much more penetrating than the hardest 
X-rays, it wa^ to be expected that their field of application could be 
extended to even thicker articles than had been\possible up to that' 
time by means of X-ray radiations. Only the high price and rarity of 
radium stood in the way of the application of Gamma Rays. For this 
reason the ^eriments of American investigators yrho employed 
radiiini Itself ot radium emank^on have nbt led to any extensive use of 
■ ■ ■ , ^ 



Fig, 26. — Densogram of an X-ray photograph 
degrees of density 
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Gamma Ray radiation. Recently German investigators have used 
the inexpensive mesothorium for the purposes previously described. 
This contains about 30 per cent of radium, but is just as efficient 
for the purposes previously described. 



Fig. 27. — Portable X-ray apparatus shown on the test of a locomotive firebox 


Gamma Rays and X-rays are similar in other characteristics. 
Hence it is obviously to be expected that similar results could be 
obtained with the simpler radium apparatus than with the more 
unwieldy X-ray apparatus. Experiments * with Gamma Rays, 
however, have shown that X-ray radiation is more advantageous in 
three respects, namely: 

1. Exposure times using Gamma Rays are considerably longer 

for testing small or average wdl thickne^es (under 3 to 
4 in. of steel) than, with using X-rays with a tube voltage 
^ of about 200 ikv. 

2. ^he ease with wdiich large flaws may be reoignized when 

Ganuna Rays are used is considerably Im ^lan wheh 
' X-rays ' are; used. .. , ' ; . . ■ 

' 'T 

• BertihoM and ^Riehl, ** Frindplles of Mat^ial Toatini; with 
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3. Investigations with the help of the screen are impossible be- 
cause of the diminished intensity of radiation of the rays 
from radio-active preparations. 

On the other hand, Gamma Rays are superior to X-rays in the 
following respects: 

1. At the present time Gaihma Rays are suitable for the radiation 

of large material thicknesses (steel of more than approxi- 
mately 3 in. thick). 

2. The smallest radio-active preparations can be applied any- 

where, even in the most inaccessible objects. 

3. Since the preparation during the exposure period does not 

require any supervision, the work which is associated with 
the investigation is small. 

Apart from the above, it is purely a question of cost, and this 
will decide for one or the other in the future, depending upon 
whether the development of X-ray or radium equipment leads 
to greater reductions in cost. 

Direct Testing Methods in which the Weld Seam is 

Destroyed for Testing the Material and the Welder 

Our remarks will have shown that, to-day, there is a series of 
sound serviceable methods which make it possible to test the weld 
directly without destroying it, but their application is, in many 
cases, very ^tedious and difficult, and in others too expensive. For 
this reason one has frequently to be content with a spot test of the 
weld seam and with its partial destruction. Zimm suggests that 
a hole should be bored in places which appear suspicious, when 
examined externally, so as to expose half the seam, the intermediate 
and the affected zone, in order to discover flaws in the interior of 
the weld seam. By etching the exposed portion with an etching 
medium, the quality of the seam may even better be recognized. 
After the investigation, the holes are welded up again. Quite recently 
Schmuckler has constructed a milling apparatus which is especially 
suitable for this purpose, and this may be attached to any part of 
the object to be tested either by clamping, screwing, or welding it 
on by means of a couple of spot welds. This considerably facilitates 
the maldng of ^ 

* Scitouclder, Welding TedioOlogy in Sted Construction*’, 
a p. 23$. 
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This testing method occupies an intermediate position between 
the direct and indirect methods of testing, and also between the 
methods of destroying and not destroying the seam. 

As long as suitable methods of the former type were not known, 
one was compelled to adopt testing by destroying the seam. Even 
where other methods are known, however, testing by destroying the 
seam still retains very great importance. The latter method makes 
it possible to test the materials used for construction and the filler 
materials, so as to see whether they are suitable for welding pur- 
poses, and above all, to test welders regarding their reliability and 
skill. They, therefore, ensure indirectly that good work is carried 
out. 

It would appear that the well-known testing methods for the 
testing of homogeneous constructional materials could be directly 
adopted. This would not take jnto account the special peculiarities 
of the weld seam. In welding, there are three different zones to dis- 
tinguish, and these have different structures and can influence testing 
in a variety of ways. We have the weld seam with a structure having 
cast characteristics. We have the transition zone, usually having 
a coarse crystal overheated structure, and we have the zone of the 
unaffected material. In addition, in certain methods of testings 
minor flaws in the weld seam, such as unimportant pores, which 
only slightly affect the quality adversely because of their position in 
the test specimen, may act very unfavourably in the determination 
of the strength properties and lead to wrong conclusions. 

The first property of the weld which has been mentioned shows 
up very clearly on the Tensile Test. 

The tensile test is used in the testing of materials for determining 
flie breaking stress, the extension on fracture, and the contraction of 
area of the material. In the testing of the weld it only gives satis- 
factory values in respect of the tensile strength because of the zonal 
character of the weld. Even in this case this is only true provided 
that the piece fractures in the weld, because otherwise, where frac- 
ture takes place in the base material, one only knows that the weld 
seam has a greater strength than the base material, but one cannot 
determine how great the strength of the weld is, and to what extent 
this is conditioned by the weld reinforcement. 

The Only point in carrying out a tensile test with an unmachined 
scam is when one wishes to determine whether the weld has the same 
strength as the plate, and in this way to draw conclusions re|ar<^^ 
its btihaviour in the c<mstruction. If the section of the seam is made 
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wider or thicker so as to correspond with the percentage of the 
strength of the plate section which one wishes to reach, one may 
frequently determine, by carrying out a tensile test in this way, 
whether the desired property of the weld seam has been obtained. 
(See fig. 28.) 

If the weld material or the work of welders is to be tested com- 
paratively, the weld reinforcement should be removed before the 
tensile test is undertaken, and the seam should be machined down to 
the plate thickness, since a specimen with an unmachined seam does 
not permit any comparison to be made as one can never be sure that 
one weld seam has exactly the same cross-section as another. Slight 
variations, which can scarcely be measured, may influence the 
result. In this connexion, it is advisable to make the weld cross- 
section of the machined specimen smaller than the section of the 
plate, so that under any circumstances fracture occurs in the weld.’*' 
(See fig. 29.) During planing, 
however, sharp edges and corners 
should be avoided, as these may 
give rise to notch effects. Observa- 
tion of the fractured place by a 
macroscopic test makes it possible 
accurately to investigate the con- Figs. 28 and 29. — Fracture specimens 
dition of the weld. 

Even if the tensile test for determining the actual strength gives 
rise to difficulties, these are much greater if one wishes to determine 
the ductility or the capacity for work of the weld seam from a welded 
joint, because of the zonal character of the weld. Each of the three 
zones possesses a different elastic limit. Moreover, one can draw 
absolutely no conclusions in respect of the properties of the weld 
from the total elongation, even when fracture occurs in the weld. 
Its elongation will invariably only contribute a fraction of the 
average elongation of the specimen, and the difficulty is intensified 
if fracture occurs in the base material, as in certain circumstances 
the total expansion will be taken up by the latter. In any case, for 
determining the elongation from a tensile test, the best measuring 
instruments and conversion factors are required, and in spite of 
these, deceptive results cannot be eliminated. Determinations of 
elongation of this kind are therefore to be regarded as laboratory 
tests and better left to specialists. 

* • Mi^, Conccrmnif the Strength Testing of Welds ** 

"Vbi. e (1925)/^^^ 83* 
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For the workshop the most suitable process is one which tan 
be carried out by any foreman or even by a welder himself without 
giving a result which is too far removed from the truth. A testing 
method of this kind is the Bend Test, Admittedly it does not give 
any figures for the strength of the weld and for this reason its value 
has been keenly disputed. On the other hand, it is possible to obtain 
useful information regarding behaviour of highly stressed weld 
seams, the quality and suitability of the filler material, and the skill 
of the welder. Since, at the present time, there is no workshop 
testing method which can be carried out so quickly or can guarantee 
better results, the bend test has been incorporated in all specifications 
for the testing of weld seams. 

The bend test is usually so carried out that the specimen is 
either bent in a vice or in a bending jig or a special bending machine, 

in such a way that the weld reinforce- 
ment lies on the outside. In accor- 
dance with specifications, the plunger 
in the bending equipment should be of 
twice the plate thickness and the pitch 
of the rollers should amount to five times 
the plate thickness (see fig. 30). The 
angle which one obtains on bending the 
two legs is measured when the first frac- 
ture occurs. It should be carefully borne 
in mind that the weld seam should lie exactly under the plunger so that 
the former may also be subjected to bending. In spite of this, it is 
impossible to avoid the bending being extended to the base material 
of the specimen. For this reason, therefore, any conclusions regard- 
ing the strength of the weld seam, as obtained from the bend test, 
afe only imperfect. At the same time, it allows quite satisfactory 
comparative figures concerning the quality of a weld to be obtained. 

A better way of assessing the ductility has been suggested by 
determining the Tetmeyer bend coefficient and not the angle of 
bend. It has been proved, however, especially when determining the 
smallest radius of bend, particularly on specimens with reinforce- 
ment $i3|d complications of this kind, that the variation in the 
determination of the bend co-efficient is not less than the determina- 
tion of the ductility from the angle of bend. 

, Another method consists in directly measilring the elohj^tioh 
of the j^utermost fibres on the tension side. For this purp^j th^ 
twmd spechiiens are provided with punch holes or 



Fig. 30. — ^Arrangement of the bend test 
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method of testing has the advantage that it may be carried out with 
the simplest equipment. 

In certain circumstances it is advisable to bend the specimen 
in the reverse direction so that the root of the V-shaped groove lies 
outside. In this way, it may be determined whether the specimen 
has been completely welded through. This is not always definitely 
proved if the test is carried out in the way which has been previously 
mentioned, because in this case, the lower portion of the seam is 
not stressed in tension but in compression. 

In addition, the hot bend test and the forging test should be 
mentioned. These are advisable when the welded joint is subjected 
to high stresses when hot. In this way, it may be determined whether 
or not the weld has become hot short or had its forgeability reduced 
by unsuitable treatment or by any other constituent which may be 
present during welding. 

The forging test may be intensified by carrying out a Torsion 
Testy and in addition to making the determinations mentioned above, 
we can arrive at some conclusion regarding the resistance of the 
welded joint to torsional stresses. 

The Notch Impact and Tensile Impact Tests must to-day be 
regarded as pure laboratory tests. They are unsuitable as workshop 
tests, since small variations or faults in the weld, which cannot be| 
entirely avoided but are seldom of serious importance, may easily 
lead to wrong conclusions. It is therefore advisable to have them 
carried out by f specially skilled personnel. 

At the same time they are of the greatest importance for weld 
seams which are subjected to rapidly alternating stresses or to 
impact stresses. The Charpy specimen having a width of about f in. 
h^ proved itself most suitable for the notch impact test. In this 
specimen the notch is so positioned that fracture takes place 
through the weld itself. The structural composition of a welded 
joint, the type of heat treatment, the distribution of inclusions, as 
well as the presence of cracks and other flaws, may be obtained 
from the Metallurgical Polished Section, For this purpose, it is almost 
always necessary to destroy the welded joint. For details the reader 
is referred to the itechnical literature. 

If an obsemtion of the polished section with the aid of a mag- 
nifyiiig glass or of a low magnifying microscope, which is usually 
good enough for the observation of segregations (non-metallic 
inclusions), cavities large flaws, is not aitificient, chemical^,^ 
tnent is necessary in oitier to rfidw up the structure* As far as the 
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workshop is concerned, careless preparation and the subsequent 
penetration of the filler material or junction flaws may be seen 
clearly enough with the naked eye. A test of the coarse structure at 
its natural size or with ti)e aid of a low power miscroscope, which 
is usually carried out after primary etching, is termed a “ Macroscopic 
Analysis ’’ (see fig. 31). 

A metallurgical investigation affords an excellent test, and this 
may also be undertaken in the workshop without great difficulty 
in ordef to supplement and check bend tests and breakage tests. 



Fig. $1. — ^Macro-photograph of a fillet weld made with direct current 


In addition, a Microscopic Analysis permits of an accurate test 
of the fine structure and makes it possible to arrive at more definite 
conclusions concerning the structure than does the macroscopic 
investigation. At the present time they must be regarded as everyday 
testing methods. Due to the high magnification, the most capful 
preparation of the surfaces of the section is necessary. The section 
must be turned through 90® when going from one disc to the other, 
on each occasion all cracks left by the previous disc being completely 
removed. During the polishing process care should be taken to 
remove all particles of iron which have become embedded inio the 
paper on the polishing discs since these cause cracks which caim«^ 
be removed on the finer discs. For these reasons, the grindh^ aiid 
poiisifing discs should not be erhcted among diity suiiitmndii^ 


/ 
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It is important not to etch the polished sections too soon. This is 
the reason why polished specimens are so often a failure. If one 
wishes to bring out the fine points in the structure, specimens, 
after polishing, should be allowed to lie either for 12 hours in a 
desiccator (i.e. a container which is filled with calcium chloride 
which absorbs moisture), or dried in a warm current of air from a 
“ Fon After ten minutes and a short cooling period, they are 
then ready for etching. 

Simple polishing may bring up the separate crystals in relief. 
The ordinary etching process has usually the same efFect.’ In general, 
the following etching media serve for the purposes enumerated.* 

Macroscopic Analysis 
{a) Steel and Iron 

1. 10 gm. of cuprous ammonium chloride, in 120 cm.^ of water 
(Heyn’s method). 

2. OberhoiFer’s etching medium; alcoholic hydrochloric acid with 
the addition of Ferric Chloride, Cupric Chloride and Tin Chloride 
(Stannous). 

3. Heyn, Bauer, and Baumann’s process for indicating sulphur. 

(b) Copper 

1. Ammonia. 

2. Alcoholic Nitric Acid. 

Microscopic Analysis 
{a) Steel and Iron 

1. Nitric Acid solution in Ethyl Alcohol. 

2. 10 per cent Nitric Acid solution in Isoamyl Alcohol. 

3. Alcoholic picrip acid — ^4 gm. of picric acid in 100 gm. of ethyl 
alcohol. 

4. A solution of sodium picrate in water. 

(ft) Copper 

I. Ammonium persulphate. 
v2. Cuprcms ammonium chloride with ammonia* 

^ II and ^'d UmnAmk MmUriak, 
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The etching time differs with various etching media and is, in 
addition, affected by the composition of the test specimen. Fre- 
quently a short period of immersion is sufficient. For low concen- 



trated solutions we have to deal with times of from i to 15 min. 
Electrolytic etching is frequently used for developing the miqro 
Structure of steels which are highly resistant to atta^. 

. After etching, the ^}ecimen is immediately held in 
water and brishly rubbed with a damp iwad of cotton wool, in aider 
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to remove any depositions of the etching liquid. After washing with 
water again and dabbing with a wad of cotton wool, which has been 
dipped in alcohol, and after careful drying, the surface of the polished 
section may be observed under a metallurgical microscope. As a 



Fig- 42. — Macro-photograph of an electric hot weld 


rule, vertical illuminators, total reflecting prisms or even plain 
parallel glasses inclined at an angle of 45° to the axis of the micro- 
scope, are used for this purpose. The polished sections should be 
kept in a desiccator. 

Fig. 31 shows the macroscopic photograph of an electric weld 
which has been made with 
direct current on a cruci- 
form specimen, similar to 
those which are made for a 
test of welders. The regu- 
larity of fillet welding in 
respect of the depth of the 
runs and good penetration 
may be clearly seen. The 
slight formation of pores, 
which • cannot be entirely 
avoided in electric welding, 
is characteristic. 

Figs. 32 to 41 show test ^ig. 43.—Macro-photograph of t cast-iron cold weld 

welds, one of which was 

carried out by gas welding and the other by electric welding, as made 
on steel with a carbon content of 0*33 per cent. The flowing together 
of the filler material with the base material and the gradual transition of 
the good weld may be clearly seen. Since* welding was done in several 
ninS| the coarse grained filler material has experienced a change in 
grain from ite typical cast characteri and this closely apprcncimates 
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to a refining of the grain. Due to overheating, a coarse structure 
is always formed in the transition zone of the plate, and this is 
especially the case with gas welding. The grain becomes gradually 
finer until ultimately it merges into the base material, which is 

uninfluenced by the heat- 
ing effect of the welding. 

The regular structure of 
a good electric cast iron hot 
weld may be seen from the 
macro-photograph in fig. 42. 
At the same time, the irre- 
gularity of the joint of an 
electric cast iron cold weld, 
using steel wire, stands out 
very clearly in fig. 43. 
Fig. 44 shows an electric 
built-up weld in cast iron 
using steel wire. The sur- 
rounds which penetrate well 
into the parent metal may be seen. The white cast structure which 
results and which is difficult to machine stands out, and further 
mention is here made of its brittleness. 

The macro etching of a copper weld is shown in fig. 45. In 
this way the X-shaped welding groove, together with the excellent 

junction with the base 
metal, is clearly shown 
up. In addition; the vary- 
ing composition of the two 
plates which have been 
welded is shown on the 
photograph of polished 
section, and one of these 

Fig. 45. — Macxo^photognph. of a copper weld shoWS E large HUmbeT of 

impurities. 

Figs. 46 and 47 show the fine structure of two copper welds 
wiiich have been treated in different ways. The former was ham- 
mered cold in conjunction with the welding. The lines of slip, 
which are set up by cold working, correspond in their directfon 
widi the crystalHne orientation of the grains. Some bHstcrs iad 
copper oxide inclusions stand out as well The phott^raph^^ i^ 





Fig, 44. — ^Macro-photograph of an electric built-up weld 
using steel wire electrodes 
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47> which was also taken from the middle of the weld, 
shows the appearance of a specimen which was hammered hot, 
probably at a temperature of iioo° F. (600° C.). Two adjacent 



Fig. 46. — Micro-photograph of a cold-hammered copper weld 


zones having different states of stress stand out. Recrystallization 
nniay be considered complete. Blisters and oxide inclusions are also 
present in this case. 



Fig. 47.— Mioro-pbotogtaph of a hot-hammered copper weld 


Along with the metallutgical investigation, chemical analysis is 
necessaty in many cases. By accurate weighings the proportion of 
inatfsrids present in the iron may be determined. The tdkemical 
OCMiiiiOsition is fioquendy of exiddsive importance as far ^as the 
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weldability is concerned, and therefore requires special investi- 
gation. 

Indirect Testing Methods in which Welded Parts 
of a Construction are Destroyed 

Final tests on the completed experimental designs of construc- 
tions are of great importance in order to determine what stresses 
the selected design will stand, or what arrangement ensures the 
greatest safety on various designs. 

There are already methods of note suitable for such investi- 
gations, to which reference can be made in the construction of welded 
joints and these will serve as a good guide for further jobs. 

Thorough tests were carried out many years ago in Germany 
on water gas welded boilers which were subjected to an internal 
pressure which was increased gradually until fracture of the plant 
occurred. At the same time, the boiler was made smaller by cutting 
out separate sections and welding in others, and the phenomenon of 
fatigue, the effect of normalizing the weld seam by annealing the 
boiler, and the subsequent forging of the weld, were carefully investi- 
gated from the portions which had been removed. Such tests may 
be also carried out on boilers which have been manufactured by the 
gas welded or the electric arc welded processes. 

In this respect, Der Schweizerische Verein von Dampfkes- 
selbesitzem (The Swiss Steam Boiler Owner's Association) with 
the special co-operation of Hohn, who carried out a series of tests 
on welded vessels, has proved of great service. The publications 
and the yearly Report of the above-mentioned Association of 1923 
are concerned with tests of this kind on experimental vessels of 
varying shapes, dimensions, and plate thicknesses, and these are 
very instructive to the steam boiler constructor. The welding was 
carried out with both gas and electric arc. Some of the seams 
were welded from the outside and afterwards on the inside, 
others were welded on both sides simultaneously with a heavy 
reinforcement. The strength and tightness of such seams with 
skilful workmanship were excellent, so that fracture invariably took 
place in the plate itself. On the other hand, it was once more shown 
from these tests how dependent one is on the reliability and tho skill 
of the welder, since in some c|tses less satisfactory results W^e 
'recorded. • ' - . ■ , -''V' 

In order to test the safety of welded joints in steel con^strucrion 
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the GutehofFnungshiitte, among others, in the year 1923, com-' 
pletely welded electrically a double-sided lattice girder of 32 ft. 6 in. 
span and about 3 ft. depth, and fractured it under static stress by 
gradually and uniformly increasing the load. 

The test showed that no weld seam cracked in the direction of 
the load in the member, and consequently fusion welding is not 
only intrinsically sound, but provides a joint which is much stronger 
than a riveted joint and this has also been confirmed from kboratory 
tests on individual members. Similar tests with the same results 
have also been carried out in other places. 

As far as shipbuilding is concerned, we would mention the tests 
which were carried out by Strelow at the Deutsche Werft, Ham- 
burg. A boom 48 ft. 6 in. long, which was welded together out of 
five plates, was loaded until it buckled. This also occurred outside 
the welds, and in this way the adequacy of welding was demonstrated. 
In addition, a welded stern post having a nett weight of 3*2 tons 
was subjected to a variety of drop tests from a height of 5 ft. to 1 1 ft. 
which it withstood without damage although impact loads up to 
190 tons were set up in the post. 

As far as railway work was concerned, it had to be decided how 
far one could go in the repair of vehicles and with the welding of 
highly stressed parts which are subjected to severe wear and tear. 
In this category we have on carriages, the axle box webs, the longi- 
tudinal girders, the diagonals, the buffer faces, and the buffer sockets, 
&c. On two test wagons these members were cut through before- 
hand and welded electrically and by gas welding. The carriages 
were then heavily loaded and allowed to collide with a fixed tender 
at a speed of 25 miles per hour. They were then put for a long time 
into normal service on an inclined runway where the greatest stresses 
occurred during seiwice and the welds were not damaged. 

A multiplicity of laboratory tests, which are intended to give 
definite information as to how welding should best be carried out, 
have been drawn up. As an example H 5 hn has designed a special 
breaking jig in order to test the various welding joints which fre- 
quently o^cur in steam boiler construction. Fig. 52 shows a jig of 
this type for the testing of flanged joints on pipes and figs. 48 to 
51 the shapes of designs which have been tested with it. The re- 
sults were that the breaking loads of these four joints were related 
in the form a : b : c ; d =« ^oo : 95 : 75 : 45* The average breaking 
load with the design shown in fig. 48 amounted to ^-4 tons. 

in hand on reinforcing sinifiia qh settm 
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cut from vessels, on welded straps on tensile specimens, and on 
plates welded to one another at right angles, in order to find the 
most suitable design. In the drafting of the specification for welded 
steel structures (D.I.N. 4100), which has already been mentioned, 
tests of this type were first carried out in order to determine whether 
the permissible stresses which were fundamentally applicable for 
calculations, were satisfactory. A series of multi-member joints 
and material joints of various types were welded by a good welder 
and fractured by increased loading. In the majority of cases the 
result was that the breaking load was well above the calculated load. 
In isolated cases, however, the arrangement selected was not suitable. 


Fig. 48 Fig. so 



At the present time one has no experience of the effect of the 
phenomena of ageing and fatigue on welds in the course of years. 
In this respect there is a certain danger. Tests which may be drawn 
up to deal with this point are, .'therefore, of special value. , 

A new railway sleeper joint, designed by the State Railways, in 
which a backing plate had to be welded on to the sleeper, was sub- 
jected to a test of this kind. Since primarily dynamic effects are to 
be expected froni roiling stock, alternating stresses were applied in 
various dirt^tions in order to investigate whether the phenomena, 
of fatigue Occurred. The impacts which are set up by the curving 
movements of the vehicle were imitated by aj^ying- a huge number 
bbws with a compressed air hiunmer,, an impact pendulum, and 
a drop hfunmer, and due alternating benihng was imitated 


of a.i^nii^ testily machine 


The'-.'re8Uilt'Of the;' mats '’Was- 
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Fracture 


satisfactory. Spindler * gives another example. We are concerned 
now with fatigue tests on riveted and welded constructional members 
of lorry frames which Spindler put in hand in conjunction with the 
firms Mannesmann-Mulag and Boehler-Stahlwerke. Figs. 282 to 285 
show four experimental designs on which the tests were based. 
In the journey of a lorry the longitudinal and lateral girders are 
subjected to distortion, and it was desired to know by means of time 
tests how these stresses manifested themselves in the course of time 
as fatigue phenomena. 

The results of the tests were that in the riveted joint (fig. 53) 
the rivets became so loose after approximately 120 swings of a 
counterbalanced baulk that the ^ , 

riveted parts of the plate were P j 

pushed together about in. 
with each swing. After about 0 ^ ^^ ^acture 
600 swings, the plate joint at 
the rivets had about 4 to 6 I 

thousandths of an inch clear- kjjsrnin-,™^ 

anc^, and after a further 700 
swings up to 8 thousandths of 

an inch clearance, and finally | I | 

the plate fractured in the dan- i JL /nocture I I Fracture 
gerous cross-section after a 
total of about 2000 swings. 

No rivet fracture occurred, I L iVj l L MM 

but the fracture occurred in Fig. 55 Fig. 56 

the material due to overload- Fatigue test* on riveted and welded motor-car parte 

ing the frame, since the over- 
hanging joint which was hanging loose in the rivets was subse- 
quently bent. 

The welded joint shown in fig. 54 withstood 5400 swings, and 
that shown in fig. 55, 6500 swings. In the former case the material 
in the overheated zone near the weld seam fractured, and in the 
other cases fracture occurred in the gusset plate and in the material 
which had been unaffected. 

The joint shown in fig. 56 behaved worst, and in this type the 
welded joint fractured in the flange after a short time. 

In conclusion, an example will be mentioned from the large 
number of American swing and impact tests, and this deads with a 

• ^Indler/*^ Riveted or Carnap Frimiies 


Fracture 


Fracture 
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swing test which was Carried out by the Westinghouse Electric and 
Manufacturing Co. on riveted and wfelded experimental designs for 



Fig. 57. — Welded test piece before the swing test 



Fig. sS.'-^Wekled test piicse sut^ected to intern loading from a girder alter the iedng teet 


steel construction. Four 1 15 joists, 18 ft. long, were re^i^vely 
welded, and riveted to each of two double Tee girdera, N.F. 
The' welded' 'desi^ is shown'tn'.fig. 'The"^ iMe<^''wetis';':;'i 3 e^ 
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on the baseplate of an oscillating machine and tested by means of 
this. Even after i hr., two of the connecting angles of the riveted 
design were fractured. After 2| hr. two of the riveted girders were 
completely loose, and after 3I hr. the remaining two were completely 
loose. Among the welded constructions, none of the welds showed 
any change after i8| hr. On hitting them with a hammer the 
members gave a clear tone. Only after the welded members were 
loaded with a heavy weight of 25 lb., in order to shorten the tests, 
did fracture occur, after approximately i hr. in the material sur- 
rounding the section which had been welded on (see fig. 58). In 
this way, the superiority of welding as compared with riveting against 
fatigue stresses may be shown so that it appears quite sound to weld 
steel buildings which are subjected to heavy vibrations. 



CHAPTER V 


Accident Prevention 

Welding is subject to dangers to a greater extent than any 
other manual or manufacturing activity, and these may lead to 
serious accidents not only for the workman himself, but also for those 
in his locality, and accidents may be accompanied by more or less 
serious damage to equipment. There are, therefore, a series of 
regulations and specifications foi guarding against accidents,* which 
every workman must know and observe. Bearing in mind the im- 
portance of a knowledge of these dangers and the importance of 
combating them, a brief report is made of them here. 

By far the majority of accidents occur due to the ignorant oper- 
ation and maintenance of the plant. Others, which are more rare, 
are due to faults in the plant itself. In addition, the activity of the 
welder and even numerous properties of base materials, as well as 
the conditions under which they must frequently be welded, provide 
further sources of danger. 

As far as the possibility of accidents, which may be caused by 
the ignorant operation and maintenance of the welding, plant, is 
concerned, we may say that these dangers are very great in gas 
welding and in cutting, since the formation of an air-gas or oxygen- 
gas mixture provides a permanent source of danger, which may 
manifest itself in an explosion in the Generator^ an explosion in the 
building, or an explosion in the cylinder.f 

Explosive mixtures may easily be formed in any generator when 
it is first put ijito commission since at this period it is generally filled 
with air, which has first to be gradually forced out by the acetylene 
gas which is generated. Hence, when a generator is put into service/ 

* Regulations for the manufacture, storage, and use of acetylene as well as for 
the storage of calcium carbide. Reguktions on the transport of liquefied and com- 
pressed gases. Specifications for care against accidents of the <^rman Imn and 
Steel Association for Welding and Cuttii^ plants working with ifompressed gisea.. 
Specifications and Standards of die Association of German Blectdod Engine^ 
f Kledits, ‘‘ Acddenk end Accident Prevention in AutoZone 
.^dtiing VoL 8 p* 7a. ^ '’V\; 
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and before welding or cutting are started, one should wait long 
enough to enstire that pure acetylene gas is being supplied. In 
addition, dangerous acetylene air mixtures of this kind may be 
formed during service in the generator, should air enter the apparatus 
during sludge removal or filling. Apparatus which prevents this is, 
therefore, to be preferred. 

The most dangerous are oxy-acetylene mixtures which are 
formed when the oxygen gets back through the torch into the acety- 
lene line and reaches as far as the generator. This phenomenon is 
frequently associated with a back fire. Entry into the acetylene line 
can only take place if the hydraulic valve, which is prescribed by law 
and which should prevent its going as far as the generator, is either 
not present or loaded beyond the cubic feet/hr. loading, correspond- 
ing to its construction, or if it is not in satisfactory working con- 
dition. It frequently happens that the safety valve is not sufficiently 
filled with water or it may allow water to escape. Cases where the 
welder, due to negligence and ignorance of the danger, works without 
a hydraulic valve, are more infrequent. 

The presence of an explosive mixture in the generator does not 
give rise in itself to the danger of an explosion. It only occurs if, 
in any manner, the gas mixture is ignited. There are, however, a 
series of factors which may give rise to an ignition of this kind both 
during service and during the maintenance of the plant. One of 
the most frequent causes of an ignition is a back fire from the torch 
which cannot be held up if the hydraulic valve fails to function. Hence, 
attention should be paid to keep this in good order. A second cause 
of ignition is provided by the heating up of carbide dust. Carbide 
du^, when thrown into water, forms into lumps and gradually 
heats up to red heat. For this reason, apart from special generators, 
charging should be confined to granulated pieces of carbide which 
are as free from dust as possible. Even these may be brought up to 
red heat if the necessary quantity of water required for complete 
decomposition is not available. This may occur if the lumps get 
embedded in carbide sludge and come into contact with water again 
when the sludge is removed. Especially during the cleaning of the 
apparatus the danger of an explosion is present. Inadequate cleaning 
or generating^ or a too-heavy filling of the feed basket, of ** water to 
carbide/’ equipment, may result in an accumulation of sludge. This 
^ers up the pieces of carbide, and m this way they may be a source 
danger. ■; '' - ■ 

Ifi additio^n, numerous explosions are caused on generators woi^ng 
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radiating fractures which went very deep, and these were due to 
faults of manufacture. 

’ For an explosion of the cylinder contents it is necessary to have an 
exploajve mixture, and the possibility of an ignition occurring, just 
as in explosions in generators. Mixtures of this kind are occasionally 
present in cylinders in which the oxygen was obtained by a chemical 
process from water, and was therefore obtained simultaneously 
with hydrogen. In this way an explosive gas, which is a mixture 
of both gases, may be formed. Since oxygen is almost entirely 



Fig. I. — Test of a cylinder: X-ray photograph of the base of a cylindej; 


obtained to-day by the physical process from hquid air, and since 
this is only made slightly impure with nitrogen, the danger that 
explosive mixtures may occur in oxygen cylinders only exists if 
oxygen and hydrogen cylinders are mixed up during filling. One 
can protect oneself against this danger by means of the so-called 
“ soapy-water ” test. This consists of leading oxygen from the 
cylinder which is to be tested, at low pressure, through a hose into 
a dishi which is filled with soapy water. If the bubbles which rise 
are i|^tM they should bum silently, if i the oxygen is pure. Th^ 
expire, however,^ with a light report which can be heard if an 
explosive gas mix^re is present Up to a short time ago the aaixh;^ 
of /flinders was posstbie in spite of the regulatipn that 
:€ylmdeta' /jbad^to' 'have/'a .right^handed/^d^i^ead'' ahd^ hydr(^gaa':c|pHi^;;:, 
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a left-handed thread/ Nowadays it has been laid down that the 
connecting piece on oxygen cylinders has to be about in. larger 
in diameter than the connectirig piece on hydrogen cylinders so that 
mixing of this kind does not occur at charging stations. 

The possibility of an ignition is also provided when the pressure 
reducing valve is burnt out, or if the cylinder valve comes in contact 
with fat or oil. The friction of a high-pressure discharge of oxygen 
is sufficient to cause an ignition. A so-called burning-out guard pro- 



Fig, a.— Test of a cylinder: Plan view of the cylinder base after cutting through the cylinder 

vides a protection against burning out the pressure reducing valve, 
which is caused by the heat of compression when the valve is opened. 
This is the type which is shown in the section of the pressure reducing 
valve (see p. 45). It has been previously stated that oil and grease 
must be kept away from oxygen valves, and that even touching them 
with greasy hands may be dangerous. 

If pressure reducing valves freeze due to the cold set up by 
expansion, the same renuu-ks apply as apply to the thawing of 
generators. For this purpose only hot water or hot cloths should 
be used and never flaihes or red hot metal. Electrical equipment 
for protectioh^gainiSt freezii^i vrhich acts as a small resistsmce pVen, 
has proved ssdisfactc^,'^^ ft ^ w be fitted even bn batteries 
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or cylinders. Its use depend^ on a source of current being 
available. 

Finally, danger may also be caused by ^ gas lines and gas hoses. 
One cause of explosion is to be found in the hoses getting filled with 
an explosive mixture due to oxygen getting back from the torch. The 
possibility of an ignition is provided by a back fire due to the torch 
becoming choked or due to its being in faulty condition, or in 
addition, as a result of a careless search for leaking places. In this 
way, the gas lines are frequently set on fire, and this may lead to an 
explosion. The correct way is to brush the line with soapy water 
in order to find out whether there are leaking places or to put the 
hoses under an air pressure test under water, and this should be 
done at least once a month. 

If the gas lines have to be cleaned, and this should be done from 
time to time because of the dirt which may be introduced by particles 
of rust or of soot, formed by the decomposition of the acetylene, 
blowing out the line must always be done in the direction from the 
generator to the torch so that explosive mixtures are not sent into 
the generator. It is absolutely wrong, therefore, because of a shortage 
of compressed air, to use the oxygen which is under pressure in the 
cylinder, for blowing out purposes. Even this has occurred, although 
it may seem hard to believe. 

The dangers which threaten the welder in Electric Welding are 
less than those in gas welding. In the former, accidents generally 
are only caused by catching oneself in the machine or by making 
contact with low-voltage equipment.** Accidents may be avoided 
by keeping all insulation in good condition, and by preventing the 
welder from coming in contact with any equipment which is carry- 
ing current by suitably wrapping the latter. In addition, attention 
should be paid to earthing the frame of the machine and the work 
soundly. The work should not be put on supports which provide 
a higher resistance to the current than does the welderV body. It 
is advisable for the latter to insulate himself to earth, and this c^ 
be done by means of wooden shoes, leather shoes having wooden 
soles, or by means of a wooden mat or frame. If welding has to be 
carried oi|t on boilers, containers, ships, or on steel frames where 
there is a danger that the welder may provide a good conducting 

♦ Nfei»s, The Causes of Eiectrical Accidents in Arc Wdding 
How to Guard agaiiiat Them Sckmehsck^eis*^^ Vol. $ (1927), p. 196. 

F#ita, Protection lor the Electric Wdte ”, 6 
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connexion to earth, by coming in contact with metal parts, then 
welding ought at least to be done with alternating current. 

Workmen who are very sensitive to electric shocks should pre- 
ferably not take up the calling of an electric welder. 

In the Welding Process itself, the welder and those in the vicinity 
are exposed to danger from flying sparks and from arc rays, and in 
certain circumstances, from the heat which is radiated from the 
work. For this reason, to protect the body against showers of sparks, 
suitable working clothing should be provided, which in special 
cases, should serve as a protection against heat. This consists of a 
closely fitting fireproof suit, leather shoes with wooden soles, gloves, 
the surface of which is made of leather, or gloves which are entirely 
made of leather or asbetos. 

Special protection is necessary for the eyes. The gas welder 
requires goggles with dark glasses for 
this purpose, and these protect the eyes 
against the blinding light rays and also 
against sparks and splutterings of metal. 

It is better for the electric welder to use 
a face shield. Since he has one hand 
free during welding he can do this. If 
his face has also to be protected against 
heat rays as is the case in hot welding 
with the arc, a face mask with protection for his neck and shoulders 
takes the place of goggles or a face shield. 

The goggles should fit the face well so that light rays from; sparks 
do not hit the eye from the side. In addition, they should not possess 
any metal parts which touch the skin and which will become warm 
from the heat which falls on them during welding, but the frame of 
the glasses should be made of Presspan or leather. The glasses 
should be easy to change. As far as their colour is concerned, we 
have already said all that is necessary. 

Goggles have recently been so designed that the welder may 
lift up his glasses during interruptions in the welding in order to 
cool his eyes, and in this way he can look after his other gear much 
better than is permitted with coloured glass. Fig. 3 shows goggles 
of this type. This type ia willingly used by welders. At the same 
tune there is a considerable disinclination to use the light protective 
0p as as^ heavy protective hood, the former of ^ich has 
a frtee which can be fitted on and head by of a 

rubber band^ The face shield may be dangerous if the welder loucbes 
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which the generation of gases is even less. Since, however, the gases 
are irritating, care should be taken, where it is possible, to provide 
good ventilating equipment over the welding places. 

On the other hand, a further source of danger may be introduced 
by the properties of many materials or objects which have to be 
welded, and these may be harmful to the welder. 

^ In the Welding of bronze^ brass, zinc, tin and lead, gases are 
formed which are very dangerous and from which the welder must 
be protected by the provision of breathing masks (respirators), and 
this point was stressed during the discussion on the welding, of 
these metals and alloys. The greatest care should be taken that these 
regulations are not broken as a result of negligence. 

The same danger may be introduced during work on containers 
which have a coat of lead paint, and this should be carefully removed 
before welding or cutting work is undertaken. 

In these circumstances also the provision of respirators as a pro- 
tection against the lead vapours which are generated, is compulsory 
under Factory Regulations. The danger of lead poisoning is in- 
tensified since lead does not betray itself either by taste or smell. 

A further danger is threatened in Containers which have held 
mineral oils, benzine, or gases. There is here the great possibility of 
danger from explosions. A large number of fatal cases have been 
recorded which have been due to lack of care on such work. The 
remaining traces of oil and benzine vaporize on welding and form 
an explosive mixture with the air in the container and this is ignited 
with the welding flame. It is not sufficient merely to clean out the 
traces thoroughly, but additional precautions must be taken. The 
Regulations of the Norddeutsche Eisen- und Stahlberufsgenossen- 
schaft (North German Iron and Steel Association) for welding 
and cutting plants, working with compressed gases, lay down the 
following Regulations: “ When welding and cutting work is 'carried 
out on vessels which have contained tar, oil, benzol or any similar 
combustible liquid, an adequate supply of hot and cold water or 
soda lye must he available. Moreover, when such work is carried 
out on vessels which have contained an explosive gas, suffident 
quantities of sfeam, carbon dioxide, compressed air, or water for 
washing out and filling the vessel must be available. The insured 
parties are responsibly for removing from , such a vessel, before 
welding* any traces which may be pre^nt and also for carrym® out 
a thorough washing and for maintaining conne^^ ^ tl^ vei»el 
open even during welding*** 



ACCIDENT PREVENTION 275 

One is in a much safer position if, in order to remove any 
explosive mixture during welding, one fills the container with water, 
where this is possible, and only has sufficient air space to leave the 
portion, which is to be wdded, free. On small vessels, from which 
water may easily be emptied, there is, as a rule, no difficulty. 

Explosive gas mixtures may even be formed by the acetylene 
welding flame, and in the welding of hollow vessels they may prove 
dangerous. In the neighbourhood of the illuminating portion of 
the flame, mostly hydrogen and carbon monoxide are formed if the 
welding flame is held at right angles to the weld zone and at a short 
distance from the latter. If these gases mix with the air which is 
present in the inside of the hollow vessel, they may even give rise 
to an explosion. The habit which the welder has of lighting the 
combustible gas on the welded article while it is still red hot may 
lead to the formation of oxy-acetylene gas mixtures, and these may 
explode in confined spaces if the torch is not lit and the gas passes 
out unused. 

It is, of course, obvious that on such work in hollow vessels care 
should be taken to ensure an adequate supply of air or oxygen so 
that there is no danger of suffocation due to nitrogen or other causes. 


/ 







PART III 


Gas Cutting 

Gas cuttings which is also called autogenous cutting, is a German 
invention made in the year 1905. During the following years the 
invention spread rapidly over the whole world. It serves the purpose 
of cutting up articles quickly and cheaply by means of a sharp, 
clean cut. For this purpose a specially designed torch is required, 
the cutting torch. Articles may also be cut up by means of the 
welding torch flame or with the arc, but this work cannot be called 
“ cutting ”, but is merely a process of melting through. In these 
cases the cut gap is wide and dirty. Experiments to make clean cuts 
with the arc have frequently been put in hand, but up to the present, 
with the exception of the so-called electric cutting saw, they have 
not led to practical results. Even this method does not seem to have 
made much headway in practice as compared with the simpler and 
cheaper cutting torch which is employed. 

Gas cutting with the cutting torch is based on the fact that, in a jet 
of oxygen, steel burns vigorously if it is brought up to its ignition 
temperature. The oxygen, which acquires a high velocity and takes 
on the shape of a jet by passing through suitable nozzles, also serves 
the purpose of removing the burnt particles of iron. The cutting 
process, therefore, consists of three separate processes: (i) the 
heating of the iron up to the ignition temperature, (2) the burning 
of the iron in a jet of oicygen, (3) the removal of the burnt particles 
of iron by means of the jet of oxygen. 

Gas cutting only be completely used on st^l and cast steel, 
and to a litnit^ extent on cast iron. , TyrP conditions have to be 
prescribed before metals can Firstly, the ignition 

- jilse : : 
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metal. If the ignition temperature lies above the melting point, the 
metal melts before it arrives at the stage of combustion. A clean cut 
is then impossible. If the melting temperature of the oxide is 
above that of the metal, an oxide also forms on the cut surface 
and this prevents continuous cutting work. 

In addition, it is desirable that the metal should not possess too 
high a heat conductivity so that the heat is not conducted from the 
point of cutting, to such an extent that the teinperature of this point 
sinks below the ignition temperature. The oxide should also be easy 
flowing, and possess as low a specific weight as possible, so that it 
may easily be removed by the jet of oxygen. 

Copper and aluminium and their alloys, as well as the remaining 
light metals, do not fulfil these conditions. For this reason gas cutting 
is not applicable to them. 

Ease of Cutting Alloy Steels . — The question whether, and to 
what extent, alloying constituents in steel influence the ease of 
cutting, is very important. A detailed investigation has been carried 
out on this matter by the LG. Farbenindustrie A.G. in Frankfort- 
on-Maine (Griesheim).* The results show that a content of iron 
carbide (Cementite) and graphite, with highly alloyed iron-carbon- 
alloys, makes cutting difficult. An alloy of this kind, in certain cir- 
cumstances, may only be cut after considerable preheating. 

On the other hand, a manganese content in iron alloys simplifies 
cutting since this in itself is easy to cut. Austenitic manganese 
steel with 13 per cent manganese and 13 per cent carbon is extra- 
ordinarily easy to cut, whereas it cannot be machined by planing, 
milling, &c. 

Silicon alloys, with up to 4 per cent silicon, are also easy to cut, 
but silicon diminishes the cutting speed if the carbon content of the 
alloy exceeds 0*2 per cent. With higher carbon contents the alloy 
loses its ability to be cut. 

A chromium content up to 10-20 per cent naakes the alloy unable 
to be cut. Alloys with lower chromium contents have shown that 
they may be cut cold. 

Nickel steels, having a nickel content up to 34 per cent, are easy 
to cut. Above this limit the ease of cutting diminishes considerably. 

Copper steels with up to 07 per cent copper behave like orcfinary 
structural steel, L 

* Wifis, “ Con<miiiig the AppH<:atioii 0f Auin|eiioii8 Cutdii^ 

Manufacturing Aumgene Metai&earbe^nimgf zz {192^% pp, 46, 
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Alloys with tungsten may easily be cut cold if the tungsten con- 
tent does not amount to more than 10 per cent. They may also be 
cut hot with a tungsten content up to 17 per cent. After that they 
are no longer capable of being cut. 

Within commercial limits, phosphorus and sulphur do not effect 
cutting. 

Gases for Cutting . — For preheating the weld oxygen mixed with 
a combustible gas is necessary. ' For cutting, oxygen of high purity 
is required. Initially hydrogen was exclusively used as a com- 
bustible gas, since this has the widest application for cutting (up to 
40 in. material thickness). In recent years, most people have gone 
over to the use of acetylene as the heating gas and this is suitable 
for the majority of cases (up to 24 in.). It is admittedly necessary 
with acetylene to adjust the heating flame very accurately and to 
keep the flame at a definite distance from the work, so that it re- 
quires definite experience and practice on the part of the cutter, 
At the same time, it has the advantage that it is available in almost 
every workshop where it is used for welding purposes, and this is 
not always the case with hydrogen. 

In addition to acetylene, the combustible gases, benzol and ben- 
zine vapour, may be used for preheating. The equipment which is 
necessary for this purpose has the advantage of considerable sim- 
plicity and cheapness. Benzol vapour itself is cheaper than hydrogen 
and acetylene, but this advantage is neutralized because of the 
increased consumption of oxygen. 

Illuminating gas is quite suitable for cutting thinner plates (up. to 
6 in.). Even unskilled workmen can make a smooth cut with it. 
The cutting speed, however, with illuminating gas is less than tEat 
with acetylene, and in addition, a longer preheating time is required. 

The degree of purity of the oxygen exercises a definite effect 
on the cutting output. The tests which were put in hand in 1927 
by the Chemisch-technische Reichsanstalt (The Chemico-Technical 
State Laboratory) in conjunction with the Schweisstechnische 
Versuchsanstalt des Reichsbahn-Ausbesserungswerkes Wittenberge 
(The Technical Welding Research Department of the State Railway 
Repair Workshop, Wittenberge) have given information relating to 
tihis matter.’* The illustration of the curves iri figs, i and 2, 
which were obtained from the tests, show to what extent the time 

; Kanthfr Str^, * * 'Ihe Iniuetioe of Oxygen Parity on Cutting 

by mea«s of mA Vol. at (192^), 

''' 
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and the oxygen consuniption increase during cutting, on account 
of the impurity of the oxygen, and in addition, they show how 
these depend on the working pressure. 

The Cutting Torch . — Cutting plants for various combustible 
gases are the same as welding plants; only the construction of the 
torch is different. The cutting torch is a combination of the welding 
torch with a special feed for the cutting oxygen. The flame, in 
the portion which is made like a welding torch, heats up the article 



Pressure ibs/ins^ 

Fig. I . — Time taken to cut the same length in 
gas cutting, depending oq the working pressure, 
for various oxygen purities. 


to the ignition temperature. 
The high pressure oxygen 
which flows out of another 
pipe carries out the cutting 
work. Every cutting torch, 
therefore, has two nozzles 
which are arranged one be- 
hind the other or concen- 
trically. In the first case the 
preheating nozzle is situated 
in front of the cutting nozzle 
when viewed from the direc- 
tion of cutting; In the second 
case the - cutting nozzle sur- 
rounds the preheating nozzle 
concentrically. This arrange- 
ment has the advantage that, 
in cutting, the torch may be 
moved in any desired direc- 
tion, and it is very easy to 
make curves with it, whereas, 


on cuts with the other type, the jet of oxygen in a ** brapch or ‘‘ two 


jet ’’ torch comes out in such a way that it is deflected a little side- 


ways, so that it makes a wide cut, and does not accurately impinge on 
the preheated spot. For this reason concentric jet torches have almost 


completely displaced the type where the nozzles are *plaeed one 
behind the other, although special attention has to paid to 
correct setting of the preheating flame with the former so it 
does not exisrcise a carburizing effect. In the other type dof^stpc- 
tioii this danger is not so Kkely to ocxur, since the heatmg flame ia 
set back somewhat because of. the clearance which is required. At the 
same time, the oxygen jet acts 

epbnding. exit 'nozzle cm be'' hrodgiit t0 , 
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arrangement is impossible with the concentric jet torch, as otherwise 
the heating flame would melt the cutting nozzle. The drawback 
that, with the concentric jet torch, the preheating flame touches the 
article -twice, should also be mentioned. 

Since, apart from the combustible gas, oxygen has also to be led 
to the torch at different pressures for the purpose of combusting the 
gas as well as for cutting, various types of oxygen feeds were originally 
provided on the torch so that, including the hose for the gas, three 
hoses had to be connected. 4 
The gas, the oxygen for com- 
bustion, and the oxygen for 
cutting were led separately 
to the torch. For this purpose, 3 
the oxygen cylinder had a ^ 
double reducing valve. Al- ^ 
though this apparatus proved o 
very satisfactory in service, | z 
one went over to the torch I* 
with two hoses since three | 
hoses hindered the operator s 
considerably. In one line the 
combustible gas is led to the 
torch and oxygen is led in a 
second. By means of a special 
valve, the oxygen required for 
the preheating flame may be ^ 

tapped off. The torch with Pig ^ — oxygen consumption in gas cutting 

two hoses has the drawback various oxygen purities, depending on the 

. , working pressure. 

that, durmg working, there is 

an interaction between the heating and cutting oxygen, which must be 
taken into account when setting the heating flame. With torches 
having two hoses, the flame should be set with excess oxygen since 
a reduction in the supply takes place when cutting oxygen is being 
Osed at the same time. For this reason, on cutting macUnes a return 
has been made to the torch with three ho^, since with this type 
there is no reason for limiting the number to two hoses, whereas 
;for inanuai work the torch with two hoses has become predominant. 

In workshops where a 1<^ of cutting is done, it i^ advisable, even 
nmre^ t^^ wiA welding installations, to connect several cylinders 
3t0ge^^ to fprw a^ ba^ry, oc.to arrange a central suf^y of 

o^gen^ sin^ the txmstmpf^ 

. ^ ; ' "-y v .;m* y y , 
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Depending on the kind of combustible gas which is used w the 
purpose for which it is used, some distinction must be made in 
the range of various types of cutting torches although they do not 
differ essentially from one another. On the one hand, we have 
cutting torches for acetylene, hydrogen, benzol, and illuminating gas. 
On the other hand, torches are constructed for longitudinal cutting, 
and for the following special purposes: hole cutting, rivet head 
removing, rivet shank removing, under water cutting, boiler tube 



cutting, and for cutting cast iron. In addition, welding, and cutting 
torches are frequently combined in one design, and in Ais type a 
special cutting insert is provided for the cutting torch. A torch of 
this kind has already been shown in figs. 33 and 34, p. 50. Fig, 3 
illustrates a concentric jet torch which is frequently used. If the 
ordinary type of design is unsuitable, the type of construction may 
be suitably modified. For example, on breakdown coaches, torndres 
are made with an elongated handle and a long cutting head, in 
work has ttf be aureied out in corners which are difficult td ^ at. 
For work on sfe^mgs, for dismantling work, &c,, 
torches are to be xecommended, and these enable dtb torch to be 
handled, and, at the same time, enable one to t^en ^ slial the 
oxygon oitting vahte 'tvitii>ne himd ' 
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A special design, which is widely used, is the rivet head torch, 
which is shown in fig. 4. It possesses a tip which is shaped like a 



Fig. 4. — Rivet head torch 


flat shoe. The preheating and cutting gas come out of two nozzles 
which are arranged alongside one another, and they, pass out oyer 



Fig. 5. — Carriage for Fig. 6. — Carriage for Fig. 7. — Twin 

vertical cuts bevel cutting carriage 



the riveted plate so that, when the rivet head is being cut off, the 
Termer is not danu^ed. The tip may be moved in all directions. 
In order id ensure ^t the nozzlesi of the torch during welding are 
slways guided at a uniform distance from the work, which is neces- 
lor emuring ide steady cbmjdeti of the cut, normal tort^es 
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are supplied with guide rollers or a guide carriage which may be 
removed so that cutting may be carried out without them. Figs. 
5-10 indicate a series of guide carriages of this type for various 
classes of work, provided with slot adjustment gear or the two link 
arrangement. 

Another special type of construction is the under water cutting 
torch, which renders cutting under water possible. It is connected 
to four pipes through which compressed air must be fed in addition 
to cutting oxygen, heating oxygen, and the heating gas. By means 

of a powerful concentric jet of 
compressed air, water is forced 
away from the cutting surface, 
and both the preheating flame 
and the oxygen cutting flame are 
surrounded by a shield of air. 
The cutting process is otherwise 
similar to cutting in air. The 
deeper the work is done under 
water, the greater must be the 
working pressure to which the 
gas is adjusted. 

Cutting Machines , — The more 
steadily the torch is guided the 
cleaner is the cut. Since moving 
the torch by hand is never done 
as regularly as in a machine, steps 
were taken a long time^ ago to 
construct cutting machines, since 
in addition to this advantage they possess the advantage of having 
a higher cutting output. The conditions for mechanical drive 
are much simpler for cutting than for welding. Consequently, 
cutting machines are to-day constructed so perifectly as to make 
it possible to cut out constructional members of all kinds so cleanly 
that subsequent machining is no longer necessary. The feed of the 
torch was first carried out on cutting machines by hand using a 
crank. The machines which are at present on the market are pro- 
vided with electric motor drives throughout. 

There are smaller machines which may be brought up to the 
work and larger fixed machines which can be employed 8afi8fEW::torily 
^here a large amount of work is done. In additionj^ special machine 
are constructed for definite purposes such as iongitudinal cultih^. 



Fig. II. — Shaft-cutting machine 
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circular cutting, the cutting of shafts, the cutting of rolled sections, 
&c. A machine of this type is shown in fig. ii (a shaft cutting 
machine). Accurate setting of the torch is achieved by means 
of a parallelogram guide. 

These machines to-day 
have also retained their 
field of application on 
work where cuts of the 
same type have to be car- 
ried out in large numbers. 

After machine cutting with 
machines had started in 
Germany, cutting with 
machines working with 
templates was adopted 
from other countries. 

To-day excellent ma- 
chines are also constructed 
in Germany which fulfil 
all requirements, and 
which at the same time 
make it possible to obtain cuts of all kinds in which the cut 
edges are extraordinarily clean. From the large number of 



Fig. 13. — ^Hand-cutting machine “ Secator ” 


machines, only a few examples can be mentioned. In general, 
reference must be made to the literature and to the publiqitions 
of manufacturing firms.* 

^ Advailc^ in Autpgmous Cutting A p&pttr given on the t^ocasion 

<h€ Main Minting of the V.0X iii Vicnm PubIic«#on by the fitm 
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Fig. 12 shows a curve cutting machine which runs on a tem- 
plate made from a bent strip and this may be used with success in 
the construction of boilers and containers. 



Fig. 14. — ^Automatic template cutting machine 




f?f‘! 




Fig. IS* — Uni'i^eml cutting machine 


Fig. 13 shows a cutting machine which is called the “ Secator 
It may be guided on a drawing or a tracing and also on guide rails. 
In the same way bevel cuts for making edges for welding or caulking 
can be made on this machine, just as can .be done on ^1 guided 
machines. / 

Gricsogen-Kalisch, Welding and Cnttittg Technology at 
t9%%S€hfneizs£hwemungtVahp,tg$o,p^m, 
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Whereas guiding of the machine on the type previously men- 
tioned is usually carried out by hand, the template cutting machine 
for series and mass production work shown in fig. 14 is completely 
automatic. The cross carriage which carries the torch is guided 
along a tenlplate by means of a magnetic roller. 

Finally, fig. 15 shows a fixed, large size, universal cutting 
machine of German construction. 

The Cutting Process 

For cutting purposes, the combustible gas is first fed to the 
torch and ignited, after the preheating oxygen for the heating flame 
has been fed in. This is so adjusted that, for hydrogen, a short 
non-illuminating flame centre with a long bluish-yellow shielding 
flame is obtained, and with acetylene a short, sharply defined, bright 
illuminating central flame with a long non-illuminating surrounding 
flame may be seen. The preheating flame is then allowed to act on 
the article until this is brought up to white heat. Only then is the 
oxygen cutting valve opened and the cutting process begins. The 
start of the cut should always be made at the edge of the article. It 
is only when a cut is to be taken out of the middle of a complete 
plate that a hole is first burnt in the latter and the cut is started 
there. It is advisable, in this case, to fix a setting with a rather 
higher oxygen pressure and a somewhat softer preheating flame. 
The torch is kept quietly on the spot until the oxygen jet goes 
through. 

As soon as the jet of oxygen begins to cut, the torch is slowly 
drawn forward. In this way the oxygen jet always impinges on a part 
which has been adequately preheated, so that continuous cutting 
takes place. Theoretically the heating flame could then be ex- 
tinguished. 

The preheating flame in the oxygen nozzle must always have an 
accurate constant distance from Ae cut surface. With material 
thidoiesses of | in. to aj in. this distance should be | to in. With 
thickneasea of 2| to 5I in., about in. to ^ in., and greater than this, 
I to I in* If guide rollers or guide carriages are used, they are initially 
set to give Ais distance. Using the wrong distance with the torch 
leads to variation in the width of the cut; as the distance increases, 
tlie widdi is inofeased* Figs, 16 18 show to what extent this is 

; ;tlie , -r ' 

if If ^ the t^per kyer i? ftised^ 
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and with hydrogen, decarburization of the cut surface takes place. 
Acetylene, on the other hand, often has the effect of carburizing the ^ 
iron through the whole depth of the cut. In both cases we get irregular 
cut edges. The effect of having too large a heating flame is very 
great with concentric jet torches in which the flame acts for a longer 
time on the molten metal. Even with a normally adjusted flarhe these 





Figs. 16-18. — Width of groove for various distances of the nozzle from the job 


effects are present. They are, however, so insigniflcant that, as a 
rule, the cut edges do not experience any harmful change in crystal 
structure. 

The torc|ii must be held steady. An imegular feed of ffie torch 
results in unclean Cut4. In order that the guiding of the torch should, 
not tire- the welder, he should, where possible, support it widi his 
free hand end draw it towards him. The cutting speed is governed 
by tire thickness of the article and the experieru^ of the welder. If : 
tire- tidcknim is 'to0';^eaf,'' '-'cutting- stp "■-The 'cu'tting-'eiygeh'’i^«8t' 
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then be turned off and the article must be reheated up to white heat. 
If the flame strikes back, all the valves on the torch must be imme- 
diately shut. The tip is then cooled in water before cutting is started 
again. If the cutting work is interrupted for any reason, the oxygen 
valve should be closed for reasons of economy. 

Rolled sections cannot be cut through in one cut. In these cir- 
cumstances, it is necessary to start the cut many times from the 
outer edges; for example, on angle irons it has to be done twice 
Cutting through several plates laid one over the other cannot be 
done in one cut, since 
one is faced with too 
high an insulating effect; 
the plates must be cut 
one after the other, a 
wider groove being cut 
in the upper one through 
which the next one may 
be reached. 

In the same way as 
with an irregular guiding 
of the torch, or by an in- 
correct adjustment of the 
flame, dirtiness of the 
nozzles results in an irre- 
gular cut (see figs. 19 to 
22). Dirty nozzles may 
also lead to back fires. 

The Use of Gas Cutting , — Just as welding was only initially used 
for repair work, the cutting torch, in the very early days, was used 
for dismantling work during breaking up and scrapping. In this 
field it has become an indispensable tool since there is no other pro- 
cess which is as cheap. Whereas in welding engineering, a change 
to initial manufacture, in various fields, only took place relatively 
late, the cutting torch was used for fabricating and cutting new 
members very shortly after its introduction. If it is borne in mind 
that, although straight cuts can be made with shears and saws on 
plates, round bar, and sections, but that cutting-out work, slotting, 
dtcdlsr cuts cannot be made widi tWs equipment, and that when 
work of this kind is done without ihe cutting torch one has to employ 
dtillmg and millmg, it is easy to ^ how great an economic advance " 
in yms 



Fig. 19 . — Dirty nozzle 



Fig. 20. — Irregular forward travel 



Fig. 21. — Too big a heating flame 



Fig. 22. — Good cut 
Figs. 19-22. — Good and bad gas cuts 
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In spite of this, the use of the cutting torch was, up to a short 
time ago, limited by official regulations and manufacturing specific 
cations, so that the economic advantages of this process could not 
then be completely employed. It was assumed that the material 
changes which were set up by the heating effect during gas cutting 
at the cut edges would cause cracks in the material. Even after the 
production of perfectly smooth cuts was made possible by the 
introduction of the cutting machine, so that notch effects which 
might be started at a groove of a hand cut were eliminated, the regu- 
lations were not at first changed. Gas cutting was either entirely 
forbidden, as for example in steam boiler construction in which the 
making of edges for caulking was not allowed by gas cutting, or at 
least it was laid down that the cut edges had to be subsequently 
machined either by planing, milling, turning or chiselling, so that 
the layer which had been affected was removed for a sufficient dis- 
tance. Opinions differed in regard to how deep the influence of the 
heating goes and what this influence at various depths is. 

What exactly the state of affairs in this respect is was cleared up 
recently by comprehensive tests carried out by the Research Labora- 
tories at the I. G. Farbenindustrie A.G. Griesheim.* Experiments 
cover not only the ‘ordinary constructional steels, but also alloy 
steels and a comparison with other forms of working. In order to 
clear up the matter further Der Fachauschuss fur Schweisstechnik 
(Technical Committee for Welding Technology) has collected 
material from the Studienauschuss fiir hochwertigen Baustahl 
(Committee for the Study of High Grade Constructional Steels), 
from the German State Railways Co. and from the Technical High 
School, Charlottenburg, who had also been occupying themselves 
with tests in this direction.f 

It was established metallurgically that, in a gas cut, three zones 
which may be distinguished from one another stand out more or 
less clearly. Fig. 23 shows this. In the external zone a at the edge, 
a coarse grained structure is clearly indicated, and according to the 
composition of the material, this shows evidence of separation or 
aggregation. In the middle zone there is a normalized structure 
from which 4 the regular distribution of carbon in the steel imy te 

‘V ■ ' * ... . \ ^ - 

Autogenous Cutting of Structural Alloy St^s Communii^Mbn from 
die Research l^aboratories Autogenous Workshops of the I. G. Fafbenmdustrie 
A. G., Frinkfmt-Gritsheim. Frinted as a manuscripts 

t Hilpert, *:* Mateml Chanm in ^ptctund SMI Worlwd widi a 
Torch ”, Reoert prepared by mt Technical Omniittee lor Welding Tedh^ 
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seen. The fine grained structure extends further the more rapid 
is the pooling of the cut surface. It also depends on the material 
thickness. Finally, in the third zone a change to the structure of 
the material takes place. Depending on the class of material, the 
effective depth from the tests was as follows. For the zone a, 
•008 to *022 in.; for the zone 6, *008 to *051 in.; for the zone r, 
•008 to *021 in. The total zone affected was never greater than in. 
Without going further into the matter, we see that specifications 
which called for a machining of the gas cut for a depth of at least 
I in. go far beyond what is necessary. 



Fig. 33.~-Micro-photograph of a gas cut. xoo magnifications. 
Ct influence zones. 


Experiments were not limited to a metallurgical investigation. 
In order to clear up the tnatter further as to how parts which were 
made by gas cutting behaved under working stresses, tensile and 
bend tests were put in hand both 6n ordinary structural steel and 
on high alloy steels., The tensile tests showed a somewhat higher 
strengtii with a somewhat lower ductility as compared with un* 
' worked steel. The deformation capacity remained the same. The 
bend tests showed in every case angles of bend to i8o® vf4|^out frac- 
ture, with very few exceptions, and these could not be ptil^down to 
the §a& ^tting process. On the odter hand, with another seri^ of 
tests on sheared cute, serious crackh^ occurred which could be ^n 
with the naked eye. In general, it Was established that the edge 
^ ^ect squee^ng and defonniitg the material was much greater 
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and more seriously affected the use of the members, on members 
which had been manufactured by mechanical methods, than on 
parts which had been made by gas cutting. 

It may, therefore, be assumed that the regulations which limit 
the use of gas cutting will be removed in future, as has happened 
to some extent, and that the unrestricted application of this process, 
which is the cheapest of all cutting methods, will be granted. This 
will be a great advantage, especially for welding technology, since 
cutting of the members to be welded, using a gas cut, a process which 
has already widely established itself, will reduce the costs of manu- 
facture in all cases. In addition, gas cutting will contribute con- 
siderably to increased economy in other fields, as for example in 



/, //, Auxiliary nozzles; A, preheating and cutting nozzle. 


steam boiler construction, container construction, shipbuilding, in 
which it can replace parts which were previously forged by parts 
which are cut from the solid. In addition, it may be assumed from 
the tests, which have previously been described, that cutting can be 
adopted without any reduction in quality. At the same time, it must 
be admitted that gas cuts occasionally do not give a perfectly smooth 
cut edge, especially on long cuts, or on high alloyed or high carbon 
materials, because of irregular composition, and also because of the 
presence of segregation zones. A certain amount of care should 
therefore be exercised, and the result of tests dealing with these 
special cases ^ould be watched. Gas cuts on springs, from a material 
of 50 tons/in.® tensile strength have completely fiilfillcxl all ejqjec- 
tations, so that it is intended to employ them without fuxthtr question. 
Additioiial experience will create new fields of ^plication for 
cutting. 

ri^-Gas. Gutt^ of C^»^i«»t.-^A8 was previously pointed: 
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gas cutting is only applicable to steel. A cutting process has certainly 
been worked out for cast iron, but strictly speaking, it is a smelting 
process. It has not acquired"^the importance of steel cutting, since 
it can only be considered for dismantling work. At the same time, 
it may introduce considerable simplification in the scrapping of blocks 
of cast iron. In conclusion, therefore, it will be discussed briefly. 

The reasons why cast iron cannot be easily cut are to be found 
in the reasons which have already been discussed. There have been 
successful attempts in making cast iron so that it could be gas cut 
by melting down steel wire into the cut groove, so that the cast iron 
acquired the characteristics of steel at the point of cutting. The 
process, however, did not yield very satisfactory results. Recently 
Kalisch * has taken up this process again with more success. He 
went about it in the following way. The cut edge was preheated to 
red heat, and then the filler material, which was used for the fusing 
process, was brought quickly up to the edge. Simultaneously the 
same movement was carried out with the torch. The filler rod and 
the torch were removed for a short time, and then the portion at 
the edge, which now had a lower carbon content, was burnt away 
by bringing up the flame once more. 

Up to a few years ago, the cast iron cutting torch, illustrated in 
fig. 24, was in most general use. In addition to the concentric pre- 
heating and cutting nozzle A, it possesses a supplementary nozzle I 
and II situated before and behind the former. Through the com- 
bined effect of the three flames, a considerable portion of the molten 
iron is oxidized and a very much quicker and smoother cut can be 
obtained than with the ordinary cutting torch. 

The edge of a cast iron cut is not as narrow and smooth with 
either of the two processes as in the cutting of steel, but as a rule 
it fulfils all the requirements which can be asked of it. 

• Kalisch, “ Recent Investigations into the Gas Cutting of Cast Iron Autogene 
Metallbearbeitungy Vol. 23 (1930), p, 15. 
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Accessories, 14. 

— for arc welding, 82-4. 

— welding, 55, 56. 

Accidents, electric welding, 270-3. 

— gas welding, 264-70. 

— prevention, 264-75. 

Acetone, 12, 44. 

Acetylene, 2, 10-2. 

— generators, 15. 

— plant, 14, 15-30, 40. 

— regulations, 23, 33, 38-40, 4i, 55» 266, 
267. 

Aeroplane, 203. 

Aftermake of gas, 26, 29. 

Ageing, 260-3. 

Alexander’s process, 94. 

Alloys, steel, 126, 127, 278. 

Alternating current processes, 93. 
Alternator casing, 206. 

Aluminium, 170, 172, 278. 

— alloys, 155-9. 

— cast, 158, 159. 

forgeable, 158. 

— and X-rays, 241. 

— forge welding of, 167. 

— hard solder, 164. 

— thermit welding, 3, 192-6, 

— weldi^, 157. 

Angle joints, 102, 103. 

Angle of weld, 107. 

Annealing, ixi, 112, 119, 128, 129, 2x8, 
230, 231. 

Apparatus, 14. 

Applications of resistance welding, 190. 

— welding, 1 97-210. 

Arc, and cinema him, 60-2. 

— and fusion processes compared, 93, 94. 

— and gas welding compared, 93, 94, 97, 
X06, 1x3, 1 14, 120, X2X, 123, 124, 127, 128, 
129, 130, 137. ^ 

— characteristic, 58. 

— in various gases, 95. 

— iron transfer with, 

— optimum conditions in, 59. 

— photographs of, 60, 61, 

— tempemture of, 57, 

^ aones in, 58, 

A^ogen* process, g6-8. „ ' 

Am welding, 57^84, 92, I X4~t24« f 

— ^ gpod and wd, 238, 239. 

Aabestoa protect^, Sd. 

Atsomic ^dregwft precess, 94. 

Antdgeridus; a.: ’ 


Autogenous cutting, 277-93. 

Automatic machines, X23. 

Backward welding, 87, 88, no, in, 112, 
113 - 

Barge, welded, 204. 

Beagid, n. 

— generator, 29, 30. 

Benardos process, 92, 148. 

Benzine, 13, 274. 

Benzol, 13, 

— flame, 1 10. 

— plant, IS. 

Bevels, xoi, xo2. 

Blow, of arc, 116, 117. 

Bogie, welded, 204. 

Boilers, 168. 

— steam, 205, 206. 

— tests on, 258. 

— welded, 20 x, 202. 

Brass, X54, 155, 170, X72, 180, 274. 

— red, 155. 

Brazing, 162, 165, 166. 

— of cast iron, 165, 166, 

Bridges, 208. 

Brinell hardness test, 238. 

Bronze, 155, 170, 274. 

Building-up welding, 99, 113, 121, 155. 
Burr, X76. 

Butt welding, 99, 170, 171, 174, 175, 177, 
178, 180. 

— ’ — compared with spot welding, 181. 
of pipes, &c., 194. 

Cable, 83, 84. 

Calcium carbide, xo. 

Calculations, 213-5. 

Canzler wire, 15 1. 

Carbide, 10. 

— regulations for, 38, 40. 

— to water generator, 19, 21, 23, 24. 

— to water system, 266. 

Carbon and iron, 125, 126. 

Casing, alternator, 207. 

— fan, 2o6i 

Castings, non-weldable, 147. ^ 

Cast iron, welding of, 136-48. 

Cementite, xa6, 278. 

Chain welding maidblne, X75. 
Charaemristtes, c^bon arc, 06, 6^. 

— choice of, 68. 

r— current supply, 66. 

— ei generators, static and dynamic, 77. 
Cliokmg 17a, fSi. 

Chromium 278. 
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Clamping jaws, 17*, 173, 178, 179. 

— jig, 196. 

Cleaning plates, 183. 

Cleanness, 189. 

Clothing, 271, 

Cold welding, 113, 114. 

electric, 138. 

gas, 137. 

Constant pressure welding, 91, 

Containers, construction of, 201. 
Contraction, 12 1, 123. 

— cooling, 105, 106. 

Converters, 64, 172. 

— for hot welding, 146. 

Copper, 170, 180, 278. 

— and acetylene mains, 55. 

— and alloys, welding of, 148-54. 

— and X-rays, 241. 

— burned, 15 1. 

— cast, 149. 

— electrolytic, 149, 151. 

— flame for, 150. 

— froth, and spit, 151. 

— impurities in, 149. 

— processes for welding, 1 50. 

— steels, 278. 

— weld, testing, 253, 256, 257. 

Core wire, 13 1. 

Comer seams, loi, 102. 

Costs, and local conditions, 229. 

— current or acetylene, 229. 

— electric and forge welding, 232-4. 

— forward, backward, arc, 223-^. 

— rivet and weld, 219-21. 

— spot and seam welding, 234. 

— steel weld or cast iron, 221, 222. 

— supplementary, 228-30. 

Covered or bare electrode. See Electrode. 
Crane, 208. 

— rails, 209. 

Crucible, for thermit, 193, 194. 

— tapping, 193, 194- 

Cruciform joints, formulse for, 214, 215. 
Current, a.c. or d.c., 93, 114, 135, 160, 171, 
172, 216, 217, 226. 

— alternating, 189, 

— alternating and direct, 97. 

— consumption, 224, 229. 

— control of, 172. 

— for arc, alternating, 58. 

— direct, 58. 

— mains for, 64. 

— strength, 114, 115. 

— supply characteristics, 66. 

— ■ — conditions for, 65, 66. 

connection to, X17. 

flgur^ for, 68. 

Curve-cutting machine, 285. 

CdtS; good and bad, 289. 

Cutting, gas, 277“93- 

economy of, 292. 

of cast iron, 292. 

uses of, 2^. 

Cutting macbinea, 284-7. 

— process, 287-9. 

— regulations for, 290, 292. 

— torch, 277. 

Cylinders for 41. 

Damping winding, 75* 


Definitions, 3. 

Densogram, 244, 245, 

Depth of penetration, 1 1 
Design of welding machines, $1. 

Dilution, 51. 

Direct current processes, 93. 

Displacement generator, 20, 23, 26. 
Distortion, 122. 

Drops, transfer of, 115, 133. 

with arc, 59-63. 

Drums, 205. 

Ductility, 212, 216, 217, 218, 230, 231, 249. 
Duralumin, 158. 

Dynamo, cross field, 75, 76. 

Economics of fusion welding, 219-30. 

— of pressure welding, 232-5. 

Electric forge, 191. 

— heating machines, 190. 

— hot welding process, 142-8. 

— resistance welding, 2, 3, 169-91. 

— rivet heater, 191. 

I — welding. See Arc Welding. 

Electrode, choice of, 118. 

— copper, 172. 

— covered or bare, 120, 128, 131-6, 138, 
I 216, 217, 226, 228. 

— for aluminium, 157. 

— manipulation of, 115-20. 

— Pintsch covered, 135. 

— quasi-arc, 134. 

— roller, *86-9. 

— shape of, 184. 

Elcktron, 16 1. 

Engineers, welding, 198, 199. 

Equal pressure welding, 91. 

Equipment, 14. 

Etching, in testing, 252-6. 

Eutectic, 126. 

Eutectoid, 126. 

Expansion dangers, 104. 

Explosions, 21-3, 264-270. 

— old containers, 274, 275. 

— on thawing, 266, 269. 

■ — prevention of, 45. 

Explosive mixtures, 264-70, 274, 2.75. 

Eyes, protection of, 272,^73. 

Fan casing, 206. 

Fatigue, tests on, 260-3. 

Faults, 120, 177, 189, 237, 242. 

Faulty welding, cast iron, 141, 

Ferrite, 125, 126. 

Filler material, 128-31. 

Fillet seam, cpntinuous or not, 222. 

formulse for, 214. 

FiUet welding, 99. 

Fixing, length, 178, 179. 

Flame, 107-10, 154. . 

— for copper, 150. 

Flanges, joints for, 103. 

Flash .welding, 169, 1^2, 175-71 189, 203^ 
230» 23** * 

compared with upse|, 176, 177. 

Flux, for aiuminium; 156. 

— for elektron, i6r. 

— for m<mel, 161. 

— for xinc, 161. 

— welditit, 152, 154. 

^Foigc warning, 157 ;''' ■i67*-*9*’/ 
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Formulae, 213*^5. 

Forward or backward (tests), 212, 218. 
Forward welding, 85, 86, 93, no, in, 112, 
113. 

Frama torch, 53. 

Fusion and arc processes compared, 93, 94. 

— gas welding, 2, 4, 9, 84-166. 

equipment, 14. 

— welding, 3, 9. 

-economics of, 219-30. 

quality of, 211-9. 

Galvanized plate, 184 
Gamma rays, 245-7. 

^ Gas and arc welding compared, 93, 94, 97, 
106, 113, 114, 120, 121, 123, 124, 127, 
128, 129, 130, 137. 

— coal, 13. 

— consumption, 223, 229. 

— cutting, 277-93. 

— cylinders for, 41. 

— electric processes, 94. 

— holders, 32, 201. 

— illuminating, plant, 15. 

— mixture processes, 01. 

— welding, good and oad, 237, 239. 

making weld, 107-14. 

Gases, poisonous, 273, 274. 

V — welding, 9-14. 

Generator, and striking voltage, 65. 

— Beagid, 29. 

, — carbide dust, 28. 

— characteristics of, 73-6. 

— cross field, 72, 78. 

— design of, 81. 

— dynamic characteristics of, 77. 

— low and high pressure, 18, 24, 25, 26. 

— pair of, 26. 

— self- and separately-excited, 77. 

— “spray”, 28. 

— vertical chamber, 27. 

— welding, 65. 

' — wiring diagrams of, 73-6. 

— with armature reaction, 71. 

— with drooping characteristics, 70. 

— with opposing compound windings, 71. 

. — with special resistances, 70. 

German silver, 160. 

Glasses, 272. 

Goggles, 56, 271.' 

Goldschmidt, 192. 

Grinding machine, 

Groove, filling, 118. 

-T weld, 99. 

Haas, examples by, 212-5. 

Hammer, 153. 

— welding, 3. 

Hammerihg, tii, 112, 123, 152, 153. 155, 
231. 

Hand cutting machine, 285. 

Hardness tests, 338% 
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If eat. prirtaction ftdm, 273* 
Heattng e^ta, id plates, 103*^. 
Histnry welding» 1-^3. — 


Hot welding, cast iron, 140. . ^ 

electnc, 142-8. 

Hydrogen, 12. 

- — flame, 1 10. 

Immersion generator, 20. 

Impact (notch) value, 218, 219. 
Instruments, measuring, 82. 

Interrupted welding, 122. 

Iron, 170. 

— a, andy, 125, 126. 

— carbon diagram, 125. 

— cast, and X-rays, 241. 

— malleable cast, welding of, 148. 
i — properties of, 125-8. 

— wrought, 13 1. 

J apparatus, 16, 23, 31. 

Jigs, 123, 170, 209. 

— fixing, 173. 

Karbidid, ii. 

KrSmcr wiring, 73. 

Langmuir’s process, 95, 96. 

Lead, 274. 

— burning, 161. 

Left and right welding, 86, 87. 

Lindeveld process, 89. 

M apparatus, 16. 

Machine construction, 207. 

— electric, 64. 

— mechanical design of, 81. 

— tools, 208. 

Macrophotograph of fillet weld, 252. 

— of welds, 252, 255, 256. , 

Macroscopic analysis, 252-6. 

Mains, fixed gas, 55. 

— welding from, 68. 

characteristic, 69. 

Maintenance of plant, 40. 

Manganese steel, 278. 

Manipulation of electrode, 115-20. 
Martensite, 125, 126. 

Mesothorium, 246. 

Methane, 13. 

Microphotographs of welds, 254. 
Microscopic analysis, 252, 253, 257. 
Mistakes, 112-4, 120, 179. 

Monel metal, 140, 160, 16 1.. 

Motor-cars, 203. 

Moton polyphase, 80, 

Mould for not welding, 142. 

Multi-flame welding, 09. 

Multi-run welding, 121. 

Nickel and alloys, 159-61. 

— steels 278. 

Notch impact value, 218, 219. 

Oil, 274. 

Oscillograms, 60, 62. 

— of generator, 78. 

Oaqilidgraph, 

Output welding machine, Bx. 

Overhead welding, lao, 133, aia, 216, 217, 
227.»a28. ' '' T 

'i)^^^da,,ioa» 

179, ki8. 
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Overlapping, 103, 104, 106. 

Oxygen, 9. 

— for cutting, 279-82. 

— setting back, 34, 35, 51. 

— station, central, 17. 

Patches on plates, 105, 

Pearlite, 126. 

Phosphide, hydrogen, 32. 

Phosphorus in iron, 127. 

Pinion, repairing of, 194, 195. 

Pipe line (welding or screwing), 222. 

— welding, 202. 

Pipes, gas, 202, 203. 

Plates, 231. 

— lapped, 106. 

— thin, i8i. 

Pliers, welding, 82, 83. 

Plugs, 139, 140. 

Polymerization, 23. 

Polyphase current, 80, 171. 

— transformers, 80. 

Pores, 218. 

Portable machines, 81- 
Position, welding, 227. 

Power, cheapest, 229. 

— consumption, 224, 229. 

Precautions with plates, 104, 105. 
Preheating, 113, 114,, 12 1, 14O, 145, 157, 

158, 178, 196, 278, 279, 287, 
Preparation for welding, 98-107. 
Pressure-reducing valves, 44-7. 

Pressure regulator, 33. 

— ' welding, 3, 167-91. 

economics of, 232-5. 

quality of, 230, 231. 

Progress welding, 90. 

Punficr, 31. 

Quality of fusion welding, 211-9. 

— of pressure welding, 230, 231. 

Radiation tests, 240-7. 

Radium, 245-7. 

Rails, welding of, 194, 195, 196, 

Railway vfoik, 205. 

Regulations for acetylene, 38-40. 

carbide, 38-40, 

Repair work, 200, 201. 

of castings, ,194, 195. 

Replacement of cast iron, 207, 

Resistances, adjustable, 68. 

— external, 69. 

— smoothing, 69. 

Resistance welding, 2, 3. 

— : applications of, 190. 

lay-out for, 171. 

Respirators, 56, 15s, 274.* , 

Right and len welding, 86, 87. 

Rings, 181. 

Rivet or we^d, 201, 204, 208, 209, 21^, 217, 
ai9-2i, 231, 2^9, 263. 

Roller electrod^^ 186-9. 

Roof, 208. 

Rotaty current welding, 98, 

Rotrans (converter), 8d. 

S«ide^ 183, 184. 

Sderi^tcope, 238. 

Reeling, ^5. 


Seam welding, 169, 171, 186-90, 231, 234. 
Secator cutting machine, 286. 

Section, polished, 251, 255. 

Separator, water, 206. 

Shaft-cutting machine, 284. 

Shed, 209. 

Shipbuilding, 203, 204. 

Short circuits, 64, 65. 

Shortness, in iron, 127, 128. 

Shunt effect, 180, 1 81. 

Silicon steels, 278. 

Silumin, 158, 159. 

Size of machine, choice of, i8o, 181. 

Slag, 87, 1 13, 1 14, 1 18, 1 19, 120, 128, 13O5 
13?. tS7» 217, 218, 228, 242. 

— formation, 132, 133, 134. 

Slavanioff’s process, 92, 114, 138, 145. 
Sliding tray, 26. 

Soldering, 162-5. 

— hard, 163, 164. 

— soft, 162-4. 

Spot welding, 169, 170, 17 1, 173, x8i-6, 
190, 203, 231, 234. 

Staggered welding, 122. 

Standard symbols, 4-8. 

Steel, 170, 180, 277, 

— and X-rays, 241, 245. 

— buildings, 208. 

— cast, welding of, 148. 

, — compared with iron, 207, 208. 

— properties of, 125-8. 

— welding of, 125-36. 

Step by step welding, 188, 

— welding, 122, 188. 

Straps, 106, 205, 206. 

Stresses, 102, 104, 105, 121, 122, 123, 127, 
129, I33» 134, t37» t40. I4i»'i49» 158. 
19s, 207, 217, 221, 222, 251. 

— alternating, 218. 

— impact, 218, 251. 

— permissible, on seams, 213. 

Studs, 139, 140. 

Sulphur in iron, 127. 

Switch, automatic, 183. 

Symbols, 4-8. 

Tacking, 103, 104. 

Tar, 274. 

Testing, 130, 131. 

— indirect (destructive), 258-63. 

— methods, 236-63. 

— - — density^ 242. 

Tests, acoustic, 238. 

— bend, 250, 251. 

— direct (destructive), 247. 

— early, 2H. 

— electrical, 240. 

— fatigue, 260-3. ^ . 

— forging, 251. 

— formulae for, 213-5. 

— forward or badewaid, 2i3» 218. 

— holes, 247. . 

— hot bend, 251. 

— impact, 251, 261-3. " ^ 

— laboratory, 259. 

— 'xnagnerib, 240. 

— non-destructiv^ 237^7^ 

'—of cylinder,''26i^"l%9«' '■ ' 

r-r on 

— 4)n ¥- and X^-welda, 218. ^ 
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Tests on welding position, 212, 213, 216, 
.. 217. 

— railway work, 259. 

— recent, 212. 

— shipbuilding, 259. • 

— soapy water, 268, 270. 

— swing, 26 i-'3. 

— tensile, 216, 248. 

— torsion, 251. 

— with petroleum, 238. 

— X-ray, 240--7. 

Thawing, 266, 269. 

Thermit, 192, 193. 

Thermit welding, 3, 4, 192-6. 

drawbacks of, 195. 

uses of, 194. 

Three-phase current, and balancing, 80, 
171, 172. 

Time and energy graphs, 180, 185. 

Time for welding, 225-7, 229. 

Tin, 274. 

— soldering, 16 1. 

Torch, 47. 

— care of, 53, 54. 

— concentric jet, 282. 

— cutting, 277, 280-4, 288, 292. 

— for copper, 150. 

— Frama, 53. 

— injector, 48-54. 

lay-out in, 52. 

— injectorless, 48-54. 

— manipulation of, 110-2. 

— mixing nozzle, 48, 53. 

— non-variable, 50. 

— pressure distribution in, 52. 

— rivet head, 283. 

— two-flame, 53. 

— two, with copper, 151. 

— variable, 50. 

Training of welders, 198, 199. 
Transformers, 64, 78-80, 17 1. 

— design of, 81. 

— diagrams and characteristics of, 79. 


Transformers, polyphase, 80. 

Tubes, 203. 

Timgsten steels, 279, 

TurWne impeller, 206. 

Tyre, locomotive, 201. 

Ultra-violet rays, 272, 273. 

Upset welding, 169, 172, 174, 177, 230, 232. 

and flash welding compared, 176, 177. 

Uses of welding, 197-2 10. 

Valves, for gas cylinders, 42-4. 

— hydraulic, high-pressure, 36, 37. 

low-pressure, 37, 38. 

safety, 33-8. 

— pressure-reducing, 44-7. 

Vertical welding, 102, 120, 133, 212, 216, 
217, 227, 228. 

Voltage limits, 65, 66. 

— striking, 65. 

Voltages for arc, 64. 

V-seams, formulai for, 213. 

V-shaped w'eld, 98-102, 112. 

Wages (rivet and weld), 220. 

Wagon goods, 205. 

Washer, 31. 

Water gas welding, 168. 

W'ater to carbide generator, 20, 23. 

Welder, position of, 107. ' 

Welding, advantages of, 200-10. 

— engineers, duties of, 198, 199. 

— four processes in, 89. 

Welds, good and bad, 119. 

Wire, weld, consumption, 224, 225. 

— welding, 128-31, 212. 

X-ray tests, 240-7. 

X-searas, formulae for, 213. 

X-shaped weld, 98, 100-2. 

Zerener process, 92. 

Zinc, i6i, 170, 274. 





